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ABSTRACT 
 
Citrus sinensis, Citrus reticulata and Citrus clementine are citrus species that belong 
to a large family Rutaceae. Citrus leaves and peels are often regarded as waste 
products. In view of the environment pollution impact, the search for end use of citrus 
waste products for economic value and medicinal purposes was sort after. The aim of 
this study was to investigate chemical composition of citrus waste products (leaves 
and peels) essential oils and determine biological active volatile compounds from 
Citrus sinensis, Citrus reticulata and Citrus clementine 
Leaves and peels of Citrus sinensis, Citrus reticulata and Citrus clementine collected 
twice from citrus farm were extracted for essential oils using hydrodistillation method 
and analysed by gas chromatography (GC) and gas chromatography-mass 
spectrometry (GC-MS) for plant samples collected in 2016 and, gas chromatography 
(GC) and gas chromatography-triple quadrupole-mass spectrometry (GC-MSMS) for 
plant samples collected in 2017. The oil yield for Citrus sinensis was 0.19 - 0.85 %v/w 
for fresh and dried leaf and peels for samples collected in 2016 and 0.26 – 0.87% v/w 
for those collected in 2017. Analysis of the essential oils analyses identified sabinene 
(20.4% GCMS, 22.6% GCMSMS), terpinen-4-ol (13.2% GCMS, 6.8% GCMSMS) and 
linalool (7.6% GCMS, 19.3% GCMSMS) as major compounds in fresh leaves essential 
oils while β-elemene (16.3% GCMS, 21.4% GCMSMS) and sabinene (10.7% GCMS, 
20.8% GCMSMS) were major compounds characterized in dried leaves essential oils. 
Fresh and dried peels essential oils had limonene as the major constituent (49.6% 
GCMS, 87.1% GCMSMS) and (73.6% GCMS, 88.3% GCMSMS) respectively. Citrus 
reticulata essential oils percentage yield range between 0.44-0.80% v/w for fresh and 
viii 
 
dried leaf and peel oils. Analyses of the GCMS and GCMSMS chromatogram of the 
volatile oils analyses revealed linalool (33.4% GCMS, 19.6% GCMSMS), (+)-
spathulenol (15.2% GCMS, 10.1% GCMSMS) and terpinene-4-ol (4.5% GCMS, 11.9% 
GCMSMS) as major compounds in fresh leaf essential oils while, sabinene (20.8% 
GCMS, 32.5% GCMSMS) and linalool (17.2% GCMS, 20.4% GCMSMS) were the major 
compounds found in dried leaf essential oils. Limonene (55.2%, 75.4% GCMS; 39.5%, 
80.8% GCMSMS) was the major prominent compound identified in the C. reticulata 
peel essential oils in fresh and dried peels respectively, followed by linalool (12.8%, 
2.9% GCMS; 48.4%, 7.4% GCMSMS).  Percentage yields for the essential oils from C. 
clementine fresh and dried leaves and peels ranges from 0.40-0.62% v/w for. Fresh 
and dried leaves volatile oils had sabinene (22.7-27.1%) for GCMS and GCMSMS 
respectively), linalool (18.5- 20.9% GCMS and GCMSMS) and terpinene-4-ol (6.5- 
11.8% GCMS and GCMSMS) as main compounds while fresh and dried peels oils were 
dominated by limonene (38.9- 86.5% GCMS and GCMSMS). 
Phytochemical screening experiment of the three citrus species leaves and peels 
aqueous extract reveal the prominent presence of flavonoids and phenolic compounds 
in high concentrations. C. reticulata and C. clementine peels and leaves volatile oils 
exhibited higher antioxidant activity as DPPH free radical scavengers and Ferric 
reducing power (FRAP) ability, when compared to C. sinensis essential oils which 
exhibited minimum antioxidant activity. Antioxidant activity of leaves and peels 
essential oils maybe due to the presence of oxygenated monoterpenes and high 
limonene content. C. sinensis peels oils showed non-toxic to extremely very low 
toxicity effect at highest dose 2000 mg/kg. C. reticulata and C. clementine peels oils 
ix 
 
showed toxicity effect in mice at high dose levels. It is suggested that citrus volatile 
oils could be safe to use at lower dose levels.  
Citrus species peels and leaves volatile compounds limonene linalool and sabinene 
exhibited antiinflammatory activity by significantly reducing rats paw oedema size 
induced by fresh egg albumin. The study suggests the use of Citrus waste products 
(leaves and peels) as natural antioxidants with antiinflammatory properties for 
medicinal value and volatile oils compounds for aroma in beverages and cosmetic 
industries. 
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TNF-alpha: Tumor necrosis factor-alpha 
µgmL-1: micro grams per millilitre 
: Alpha 
: Beta 
: Gamma 
: Delta
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Chapter 1 
 
Introduction and literature review 
 
1.1 Medicinal plants background 
 
Traditional medicine was the dominant medical system for millions of people around 
the world over the years. Throughout the ages, natural plants have been used by 
humans as a source of food, cosmetics, medicines, clothing and even shelter 
(Kumarasamy et al., 2002). The assumption made on medicinal plants is that they 
have healing properties and are often used to treat some ailments and many have 
been identified and used throughout by man (Nyalambisa et al., 2017). To date 
numerous cultures still rely on indigenous medicinal plants for obvious reasons some 
of which are the fact that they are of natural origin and are reported to possess 
minimal harmful effects (Petrouska, 2012, Ekor, 2014). The use of plants to heal or 
combat illness is probably as old as humankind for centuries, as the golden fact is 
that, use of herbal treatment is independent of any age group and the gender.  
 
1.1.1 Citrus  
 
Citrus plants have been used for treatment of diverse ailments for millennia due to 
their high natural antioxidants found in citrus fruits. Citrus fruits are known to contain 
bioactive compounds such as phenolics, flavonoids, vitamins and essential oils which 
are responsible for protective health benefits (Karimi et al., 2012). Citrus fruits are 
very popular in various parts of the globe due to its distinctive flavour, taste and 
aroma. The genus citrus, belong to the largest family Rutaceae that consist of 160 
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genera and 1300 species. Citrus genus contains many economically important fruits 
that are grown worldwide for their high nutritional and medicinal value. Eastern Cape 
province is the second largest producer in South Africa with cooler climate suitable for 
the production of oranges, soft citrus (nova mandarins, nule clementine) and lemons. 
South Africa produce 23941 tons of soft citrus and 514844 tons of oranges for local 
market and processing sector from 2015 (Department of Agriculture and forestry, 
2016), during the processing and consuming of fruits, citrus peels are generated as 
waste products in South Africa. Citrus peels regarded as waste is a potential source of 
essential oils and secondary metabolites (Andrea et al., 2003). Citrus peels essential 
oils are medicinally important and exhibit variety of biological effect (Javed et al., 
2014). 
 
1.2 Secondary metabolites 
 
Medicinal plants contain active natural products mostly of low molecular weight and 
of great structural diversity called secondary metabolites. Secondary metabolites have 
evolved during natural plant development as a means of plants to defend themselves 
against herbivores and against fungi, viruses and bacteria. Secondary metabolites in 
plants is describe a diverse range of bioactive compounds (Raja and Sreenivasulu, 
2015; Wink, 2008; Wink, 2003). Secondary metabolites of plants are natural 
candidates for the discovery of new drug products to combat chronic diseases due to 
the fact that they are active constituents with pharmacological activity. These natural 
products have been a major source of bioactive compounds and continue to take part 
in the discovery of new drugs. The utility of the plant depends upon the type of 
secondary metabolites present (Raja and Sreenivasulu, 2015). Secondary metabolites 
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are of various classes: alkaloids, steroids, flavonoids, tannins, saponins, phenolic 
compounds and terpenoids. This study focuses on terpenoids since it is the core class 
of compounds being reported in this thesis. 
 
1.2.1 Terpenoids 
 
Terpenoids are the largest family of natural products and many terpenes have 
biological activities and are used for the treatment of human diseases. Majority of 
terpenoids are found in different types of plant parts (Zhang et al., 1987). Terpenoids 
are produced by plants for survival and to have a role in plants defence against 
herbivores. They are signal molecules to attract the insects of pollination. Terpenoids 
are released from plants when temperatures are higher. Terpenoids are diverse group 
of natural hydrocarbons produced by plants with the general formula (C5H8)n, this 
includes their oxygenated, hydrogenated and dehydrogenated derivatives (Yadav et 
al., 2014). Terpenoids are classified according to the number of isoprene units, classes 
include: hemiterpenes (C5), monoterpenes (C10), sesquiterpenes (C15), diterpenes 
(C20) and sesterpenes (C25). These terpenoids are formed from isoprene units joining 
in head to tail arrangement. Terpenoids are often found in essential oils and resins. 
Terpenoids are formed via the mevalonic acid pathway in plant. 
 
1.2.1.1 Biosynthesis of terpenoids in mevalonic acid pathway 
 
The biosynthesis of terpenoids involves the conversion of mevalonic acid to 
isopentenyl diphosphate (IPP) and isomer dimethylallyl diphosphate (DMAPP) 
(Scheme 1.1). Acetyl-CoA and acetoacetyl-CoA condenses to formation of 3-hydroxy-
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3-methylglutaryl-CoA (HMG-CoA) and catalysed by HMG-CoA synthase. Reduction of 
HMG-CoA by reductase via the use of NADPH fragments leads to mevalonic acid. 
Phosphorylation in mevalonic acid transforms to give mevalonic acid 5-diphosphate. 
Decarboxylation then gives isopentenyl diphosphate (IPP) which isomerizes to 
dimethylallyl diphosphate (DMAPP) (Dewick, 2002). 
 
Scheme 1: Biosynthesis of terpenoids in mevalonate pathway 
The mevalonate pathway. Enzymes: i, acetoacetyl-CoA thiolase (AACT); ii, HMG-CoA synthase; iii, HMG-
CoA reductase (HMGR); iv, mevalonate kinase; v, phosphomevalonate kinase; vi, mevalonate 5-
diphosphate decarboxylase; vii, IPP isomerase. 
 
Terpenoids are classified into different structural and functional classes based on the 
number of isoprene unit and precursor (Figure 1.1). The aliphatic precursors such as 
geraniol lead to formation of monoterpenes, farnesol for the formation of 
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sesquiterpenes and geranyl-geraniol for diterpenes (Zazurte and Salgueiro, 2015; 
Zhang et al., 1987). 
 
 
Figure 1.1: Classes of Terpenoids 
 
1.2.1.2 Monoterpenes 
 
Monoterpenes are C10-terpenoids derived from two isoprene units joining together in 
head-to-tail manner. Monoterpenes are extensively distributed in secretory tissues 
such as oil glands or chambers. Monoterpenes constituents predominates the plant 
volatile or essential oils. They play a role as attractants to pollinators, allelopathic 
6 
 
agents or defences against predators and pathogens. These compounds are volatile 
and oxidise easily because of their rapid reaction to air and heat sources. A number 
of monoterpenes exhibit biological activities and fragrance. Volatile monoterpenoids 
contribute to flavours and aroma in food and are important in perfumery (Parvin et 
al., 2013). -pinene (1), 1,8-cineol (2) contributes to distinctive aroma of coniferous 
plantations. Limonene (3) is the most abundant monocyclic monoterpene found in 
nature having pleasant odour making it attractive as an additive in cosmetics, food 
and pharmaceuticals (Erasto and Viljoen, 2008) and carveol (4) and perilly alcohol (5) 
have repellent (Omolo et al., 2004) and anticarcinogenic properties (Bandaru et al., 
1997). Citronellol (6) have anticonvulsant properties (Sousa et al., 2006). The 
structures are displayed in figure 1.2 
 
Figure 1.2: Structures of monoterpenoids compounds 
1.2.1.3 Sesquiterpenes 
 
Sesquiterpenes are C15-terpenoids formed from three isoprene units. They are found 
specifically in higher plants and in marine organisms. They are less volatile than 
monoterpenes and also found in essential oils. Sesquiterpenes occur as hydrocarbons 
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or in oxygenated forms including lactones, alcohols, acids, ketones and aldehydes 
(Maurice et al., 2013).  They have anti-inflammatory activity and bactericidal 
properties. Bisabolene (7) and -caryophyllene (8) are compounds with anti-
inflammatory properties (Buckle, 2015),-farnesene have been reported to be 
effective against bacteria causing tooth decay. Other important sesquiterpene 
compounds are nerolidol (9) and farnesol (10). the two sesquiterpenes are used in 
perfumery products. Nerolidol have anticancer and antioxidant activities (Chan et al., 
2016). Farnesol possess antiproliferative and apoptic activity (Lee et al., 2015). The 
compounds structures are displayed in figure 1.3. 
Figure 1.3: Structure of sesquiterpenoids compounds 
1.3 Essential oils 
 
Essential oils are volatile, natural odoferous and lipophilic complex mixtures of 
compounds (Javed et al., 2014). The principal constituents of essential oils include 
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monoterpenes and sesquiterpenes arising from the isoprene pathway and their 
corresponding oxygenated derivatives such as ketones, alcohols, aldehydes, esters, 
oxides and phenols (Rivas da Silva et al., 2012). Monoterpenes and sesquiterpenes 
are volatile at ambient temperature. Essential oils are accumulated in cells, secretory 
cavities or glandular hairs of plants. They are globules with stomata whose interior 
have essential oils. In citrus stomata can be observed at first sight because they are 
macroscopic (Berger, 2007). Essential oils are obtained mostly by hydro-distillation 
and stem distillation from different parts of medicinal plants. Chemical profile of the 
essential oils gives specific biological properties and economic value. Essential oils 
have been recognised as therapeutic agents and widely utilized as potent natural 
medicinal components from plants (Djilani and Dicko, 2012). Chemical composition of 
essential oils varies in different species, parts of the plant and even within one 
botanical species. These variations might be due to the presence of different 
chemotypes, according to the plant adaptation to the surrounding environment as well 
as the state of development (Chamorro et al., 2008). The time of plant collection is 
also a factor of chemical variation (Andrade et al., 2011). The essential oils from plants 
are known for their pleasant odour which is used to flavour confectionaries, beverages 
and as fragrances in cosmetic and perfumery industries, in pharmaceutical industry 
essential oils are useful as flavoring agent to mask unpleasant tastes of drugs (Steuer 
et al., 2001) and as active components of medicines and in aromatherapy. 
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1.3.1 Extraction Techniques of essential oils 
 
Extraction is used to separate the medicinal active components of plant or animal 
tissue from inert components by using selective solvents in standard extraction 
procedures. The extraction methods depend upon the plant tolerance to heat and if 
the volatile compounds will not decompose when distilled and on the characteristic of 
the plant material to be extracted, since essential oils can be present in different parts 
of the plant. Traditional methods that are often used for essential oils extraction are 
hydrodistillation, steam distillation, solvent extraction and cold pressing methods. 
 
1.3.1.1 Hydrodistillation 
 
Hydrodistillation is the oldest and easiest method being used for the essential oil 
extraction (Meyer-Warnod, 1984) and it is a method used to isolate essential oils from 
aromatic and medicinal plants. Hydrodistillation is a conventional method in which 
essential oils are evaporated by heating a mixture of water and plant materials 
followed by the liquefaction of the vapours in a condenser. Hexane is used to trap the 
essential oil collected from the vapours in a condenser. Hydrodistillation method is 
usually done using Clevenger apparatus best for producing higher yields of essential 
oils. Set up comprises of a condenser and a decanter to collect the condensate and to 
separate essential oils from water (Hesham et al., 2016, British Pharmacopeia, 1980)).  
 
1.3.1.2 Steam Distillation 
 
Steam distillation is a type of distillation for temperature sensitive plants such as 
natural aromatic compounds. In this method plant material charged into an alembic 
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are subjected to the steam without maceration in water. The injected steam passes 
through the plants from the base of the alembic to the top.  The steam breaks up the 
pores of the raw material and releases the essential oil from it. This method is based 
on steam flowing through the plant material (Badami and Rai, 2004). 
1.3.1.3 Solvent extraction 
 
Solvent extraction also known as liquid-liquid extraction is a method used to separate 
a compound based on the solubility of its parts. This is done using two liquids that 
don’t mix. In the solvent extraction method of essential oils recovery an extracting 
unit is loaded with a solvent. This method is used in the processing of perfumes, 
vegetable oils or biodiesel. The quality and quantity of extracted mixture are 
determined by the type of extra heat applied because of the method is limited by the 
compound solubility in the specific solvent used (Hesham et al., 2016). 
 
1.3.1.4 Cold pressing methods 
 
In this method the oil is obtained through expeller-pressed at low temperatures and 
pressure. Cold pressed method is one of the best methods for essential oil extraction. 
This process ensures that the resulting oil is 100% pure and retains all the properties 
of the plant. It is a mechanical extraction where heat is reduced and minimized 
throughout the batching of the raw material. In the process the outer layer of the 
plants containing the oil are removed by the scrubbing. Then the whole plant is 
pressed to squeeze the material from the pulp and to release the essential oil from 
the pouches (Arnould-Taylor, 1981). 
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1.3.2 Analytical technique used for analysis of essential oil 
 
Gas chromatography (GC) and Gas chromatography-Mass spectrometry (GC-MS) are 
the most common and best methods use in the analysis of essential oils, due to its 
simplicity, rapidity and efficiency, for both the identification and quantification of 
essential oils components and composition variations. Gas chromatography (GC) 
separates the volatile and thermally stable compounds in a sample. The separation is 
based on the polarity and vapour pressure. The detector used is usually FID for organic 
compounds. The advantage of GC is highly sensitive for the detection of all the volatile 
chemical compounds. Gas chromatography- mass spectrometry (GC-MS) is 
hyphenated analytical technique that combines the separation properties of gas-liquid 
chromatography with the detection feature of mass spectrometry to identify different 
compounds within essential oil. GC-MS fragments the analyte to be identified on the 
basis of mass and the identification is based on retention time. 
 
1.4 Research gap 
 
Citrus is one of the largest plant species known. South Africa is a leading exporter of 
citrus and produces tons of citrus fruits as per population demand in African and 
beyond. However, the waste products (fruit peels and leaves) generated are at large 
amounts when extracting the juice from the fruits, consuming the fresh fruits and 
pruning of fruit trees. Medicinal and economic value of these waste products (leaves 
and peels) remains unknown. Inflammatory progressing disease leading to rheumatoid 
arthritis which is one of major challenge in South Africa. This disease has limited 
alternative treatments and with the current western treatments, associated side effect 
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and expensive management is on the increase. To the best of our knowledge there 
has been no literature reporting South African citrus essential oils species, in vivo anti-
inflammatory activity and acute toxicity of the Citrus waste (leaves and peels) as 
potential remedy for arthritis thereby adding value to the Citrus leaves and peels waste 
products as medicinal products. This project therefore seeks to know the 
value/biological potential of three citrus waste understudy.  
 
1.5 Research Questions 
 
 What is the chemical composition of South African Citrus sinensis, Citrus 
reticulata and Citrus clementina leaf and fruit peels essential oils? 
 Is there any variation in the chemical composition of the leaf and fruit 
peels? 
 Can GC and GC-MS assist in the analysis of unknown components of 
Citrus essential oils? 
 Are the Citrus waste essential oils toxic? 
 Can the oils of these three Citrus waste be used to stop onset of arthritis: 
anti-inflammatory and antioxidant activities? 
 
1.6 Aim 
 
This study aims to investigate the chemical composition of essential oils of leaves and 
peels from three South African Citrus species: C. sinensis L osbeck (Sweet orange), C. 
reticulata blanco (Nova mandarin) and C. clementina hort ex tanaka (Nule clementine) 
and evaluate their antioxidant activity, acute toxicity and anti-inflammatory potentials.  
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1.7 Objectives 
 
The objectives of this study are: 
I. To obtain the essential oils from leaf and fruit peels of the three Citrus species 
through hydro-distillation using Clevenger-like apparatus. 
II. To determine the chemical composition of the essential oil of the Citrus leaf 
and fruit peels using GC and GC-MS analytical techniques  
IV. To determine the phytochemicals (qualitative and quantitative) present in the 
three Citrus species leaves and peels 
V. To evaluate the essential oils obtained from the three Citrus species for acute 
toxicity test 
VI. To investigate in-vitro antioxidant and in-vivo toxicity and anti-inflammatory 
activities of the essential oils from C. sinensis, C. reticulata and C. clementina 
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Chapter 2 
 
Phytochemical studies of Citrus sinensis L. osbeck (Delta sweet orange) 
 
2.1 Introduction and Literature review 
 
Citrus an ancient fruit crop, is still consumed as fruit and juice that is very rich in 
vitamin C and dietary fibre. Folks discovered that citrus fruit consumption possess 
health benefits and has natural antioxidants that prevent and treat diseases associated 
with oxidative stress and cardiovascular diseases. The waste products (peels and pulp) 
that constitutes up to 40% in the whole fruit are considered as valuable sources of 
functional ingredients including essential oils and flavonoids (Hosni et al., 2010). This 
chapter will be centred on the extraction, chemical analysis of essential oils, 
phytochemical screening of peels and leaves of Citrus sinensis L osbeck.  
 
2.1.1 Description, origin and distribution of Citrus sinensis (L.) osbeck 
 
Citrus sinensis (L.) osbeck (Delta sweet orange) (Figure 2.1) belong to the Rutaceae 
family that have about 1300 species. The fruit plant grows in warm countries. 
Originated in Southern and East Asia and distributed in most countries around the 
globe with tropical and subtropical climate. The tree grows between 7-10 m in height 
with green shiny leaves that are arranged alternately, ovate in shape with crenulated 
margins (Osarumwense et al., 2013) and white bisexual flowers, the fruit is round of 
about 6-10 cm of diameter with slightly rough peels (Franco-Vega et al., 2016).  
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                                   Figure 2.1: Citrus sinensis fruits and tree         
 
2.1.2 Ethnomedicinal uses of Citrus sinensis L. osbeck 
 
Citrus sinensis peel medicinally is widely used against upset stomach, cancer, and 
diuretic, for digestive system, immune system, colds and flu and to treat and prevent 
vitamin deficiencies (Hussain et al., 2015). Citrus sinensis exhibit carminative, 
seductive and antispasmodic properties (Orwa et al., 2009). Leaf extracts are reported 
to be used to treat neurological disorders (Muhammad et al., 2013). 
    
2.1.3 Literature reports of Citrus sinensis phytochemical composition 
 
Sweet orange peel essential oils are used commercially for flavouring food, beverages, 
perfumes and cosmetics (Espina et al., 2010). Sweet orange juice concentrate from 
Benin City in Nigeria and, ripe and unripe sweet orange peel from Ondo State and Edo 
State in Nigeria have been reported to contain some secondary metabolites such as 
alkaloids, phenols, tannin, flavonoids, saponins and reducing sugar (Oikeh et al., 2013; 
Osarumwense et al., 2013; Adewole et al., 2014). Jwanny et al (2012), reported that 
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the Egyptian sweet orange peels had polymethoxyflavones group of flavone 
compounds with promising therapeutic properties. Naringenin (11), naringin, 
hesperidin (12), tetra-O-methylscutellarein, tangeretin (13), sinensetin (14) and 
nobiletin (Figure 2.2) were isolated from C. sinensis peels and the bioassay 
demonstrated antioxidant activity and strong antimicrobial activity (Jwanny et al., 
2012). 
 
Figure 2.2: Structures of flavonoids isolated in Citrus sinensis peels 
The leaf essential oil from Egypt was studied and reported to contain -phellandrene 
as major compound (Muhammad et al., 2013). Hydrodistilled essential oil of Citrus 
sinensis peels from Vietnam however reported limonene, -myrcene and -pinene as 
the major compounds with small amounts of decanal, sabinene, linalool, -terpineol 
and nerol detected in the oil chromatogram (Tan et al., 2011). Kamal et al., (2011) 
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reported fresh, ambient dried and oven dried peels essential oils from Pakistan C. 
sinensis to be dominated by limonene (80.9%, 72.7% and 66.8%) and -myrcene 
(4.19%, 3.76% and 4.41%) respectively. In the report, monoterpene hydrocarbons 
constituted a major portion of the fresh, ambient and oven dried Citrus sinensis peel 
oils followed by oxygenated monoterpenes comprising of mainly linalool and isophone. 
Despite the fact that South Africa is a major Citrus producer, there are no literature 
report on the chemical composition of the leaf or peel oil to the best of our knowledge. 
 
2.1.4 Biological activity 
 
C. sinensis peel essential oil from Pakistan showed moderate antioxidant activity tested 
through DPPH radical scavenging activity and bleachability of -carotene in linoleic 
acid system (Kamal et al., 2013). The polymethoxyflavones in orange peel extract 
from China have been demonstrated to have strong anti-inflammatory effect by 
inhibition of TNFα, IL-6, IL1β in animal models and different cell-based (Choi et al., 
2007; Pan et al., 2012). There is no reporting literature about the biological activity of 
Citrus sinensis leaves and peels from South Africa. 
 
2.2 Materials and Methods 
 
2.2.1 Plant collection 
 
Citrus sinensis (L.) osbeck commonly known as Delta sweet orange fruit and leaves 
were collected in the month of April 2016 and March 2017 at Addo river bend farm 
Eastern Cape (Figure 2.3). The citrus plant parts taxonomy was authenticated by the 
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herbarium curator Dr Emalmen in botany laboratory at Walter Sisulu University, 
voucher specimens was given using the collection number TM 01 
 
              Figure 2.3: Citrus fruits collection from Addo River Bend Farm 
 
2.2.2 Extraction of essential oils 
 
500 g of fresh and dried citrus peels or leaves were subjected separately to hydro-
distillation set-up using Clevenger apparatus, whereby the plant material was 
introduced into round bottomed flask and distilled water added to levels above the 
plant material and the flask placed on the heating mantle connected to a condenser 
boiled at 100oC and reduced to 70oC and run for 4 hours (Figure 2.4 and 2.5). The 
extracted essential oils were collected and stored in air-tight bottle and kept under 
refrigeration at 4oC until the time of analysis (Oyedeji et al., 2000). 
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Fig 2.4: Hydrodistillation of C. sinensis peel        Fig 2.5: Hydrodistillation of C. sinensis leaf 
 
2.2.3 Analysis of the essential oils 
 
2.2.3.1 Gas Chromatography (GC) 
 
GC analysis was carried out on Agilent 6890N gas chromatography (Agilent 
technologies) equipped with FID detector and ZB-5 column (30 m in length X 0.25 
mm i.d and 0.25 µm film thickness) (Figure 2.6). Carrier gas was hydrogen at a flow 
rate of 1.0 ml/min and inlet pressure 52.6 Kpa. Column oven temperature was 
programmed to 50-240 o C at the rate 6 o C/min. Injector and detector temperature 
were set at 250 o C, volume injected 1.0 µl of the oil; split ratio 1:50. Peaks were 
measured by electronic integration. n-alkanes of C8 to C30 were run under the same 
condition for Kovats indices determination. 
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               Figure 2.6: GC instrument used for analysis of essential oils 
 
2.2.3.2 Gas Chromatography-Mass spectrometry (GC-MS) 
 
The essential oils were analysed by GC-MS on an Agilent 6890N Gas Chromatography 
coupled with 5975 mass spectrometer equipped with a ZB-5MS capillary column (30 
m length X 0.25 mm i.d X 0.25 µm film thickness) at the University of Stellenbosch 
(Figure 2.7). Mass spectrometer was operated in full scan mode. Electron ionization 
was at 70 eV, scan range of 35-500 u. The oven temperature was programmed from 
50 oC – 325 o C at the rate of 6 o C/min. Helium was used as the carrier gas at a flow 
rate of 1.0 ml/min. injector and detector temperature was set at 250 o C, split ratio 1: 
50.  1.0 µl volume of the diluted oil in hexane was manually injected into the GC-MS. 
Compounds in the essential oil were identified by matching their retention indices and 
mass spectra with the ones recorded in WILEY NIST 275 library and by comparing 
retention indices and mass spectra with literature values (Adams, 2007; Joulain and 
Koenig, 1998). 
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         Figure 2.7: GC-MS instrument used for the analysis of the essential oils 
 
2.2.3.3 Gas Chromatography- Triple Quadrupole Mass spectrometry (GC-
MSMS) 
 
The essential oils were also analysed at Walter Sisulu University using a GC-MSMS on 
a Bruker 450N Gas Chromatography coupled with 300 TQ mass spectrometer 
equipped with a HP-5MS capillary column (30 m length X 0.25 mm i.d X 0.25 µm film 
thickness). The oven temperature was programmed from 50 o C – 250 o C at the rate 
of 3 o C/min. Electron ionization was at 70 eV. Triple quadrupole mass spectrometer 
was operated in selected ion monitoring mode (SIM) with scan width of 0.70 amu. 
Helium was used as the carrier gas at a flow rate of 1.0 ml/min. injector and detector 
temperature was set at 250 o C, split ratio 1: 50. 1.0 µl volume of the diluted oil in 
hexane was manually injected into the GC-MSMS (Figure 2.8). Compounds in the 
essential oil were identified by matching their retention indices and mass spectra with 
the ones recorded in WILEY NIST 11 library and by comparing retention indices and 
mass spectra with literature values (Adams, 2007; Joulain and Koenig, 1998). 
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Figure 2.8: GC-TQMS instrument used for the analysis of the essential oils 
 
2.2.4 Phytochemical Screening 
 
2.2.4.1 Qualitative analysis 
 
Phytochemical tests were carried out to detect the presence of secondary metabolites 
in the infusion extract of Citrus sinensis leaves and fruit peels (Dyayiya et al., 2016). 
Tannins: 0.5 g of powdered sample of each plant was boiled in 20 ml of distilled water 
in a test tube and filtered. 0.1% FeCl2 was added to the filtered samples and observed 
for brownish green or a blue black colouration which indicated the presence of tannins. 
Flavonoids: A few drops of 1% NH3 solution added to the ethanol and aqueous extract 
of each plant sample in a test tube. A yellow coloration was observed for confirmation 
of flavonoid compounds. 
Phenolic compounds: The extract (500 mg) was dissolved in 5 ml of distilled water. 
To this, few drops of neutral 5% FeCl3 solution was added. A dark green colour 
indicated the presence of phenolic compounds. 
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Saponins: 2 g of powdered sample of each plant was boiled together with 20 ml of 
distilled water in a water bath and filtered.10ml of the filtered sample was mixed with 
5 ml of distilled water in a test tube and shaken vigorously to obtain a stable persistent 
froth. The frothing was then mixed with 3 drops of olive oil and for the formation of 
emulsion, which indicates the presence of Saponins. 
Glycosides: 1 ml of concentrated H2SO4 prepared in a test tube. 5 ml of ethanol and 
aqueous extract from each plant sample is mixed with 2 ml of glacial CH3CO2H 
containing 1 drop of FeCl2. The above mixture was carefully added to 1ml of 
concentrated H2SO4. Appearance of a brown ring indicated the presence of the cardiac 
glycoside constituent. 
Alkaloids: 2ml of the plant filtrate was mixed with 2ml of Dragendorff’s reagent. The 
formation of two layers in the test-tube, with the bottom-layer having a turbid orange 
colour indicating the presence of alkaloids. In this test, a turbid orange colour was 
observed showing its presence in the extracts. 
Terpenoids: 5 ml of ethanol and aqueous extract of each plant sample was mixed with 
2 ml of CHCl3 in a test tube, 3 ml of concentrated H2SO4 was then carefully added to 
the mixture to form a layer. An interface with a reddish brown coloration was form 
indicating Terpenoids compounds were present. 
Phytosterol: 2ml of aqueous extract was treated with chloroform and filtered. The 
filtrated was further treated with 2-3 drops of acetic anhydride, boiled and cooled. 
Concentrated H2SO4 was added. Formation of brown ring at the junction indicates the 
presence of phytosterol. 
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Protein: 2ml of the plant filtrate was added to 2ml of HNO3 with the expectation of a 
yellow colour to appear which would indicate the presence of proteins. 
 
2.2.4.2 Quantitative Analysis 
 
Flavonoids 
About 10 g of Citrus sinensis peel or leaf was extracted repeatedly with 100 ml of 80% 
aqueous methanol, at room temperature. The solution was filtered, the filtrate was 
then transferred into a crucible and evaporated into dryness over a water bath; the 
dried solution was then weighed to constant weight. 
Alkaloids 
5 g of sample was weighed into a 250 ml beaker and 200 ml of 10% acetic acid in 
ethanol was added and solution was covered and allowed to stand for 4hours. This 
was filtered and the extract was concentrated on a water bath to one quarter of its 
original volume. Concentrated NH4OH was added drop wise to the extract until the 
precipitation is complete. The solution was allowed to settle and the precipitate was 
collected and washed with dilute NH4OH and then filtered. The residue was the 
alkaloid, which was dried and weighed. 
Tannins 
About 500mg of peel or leaf was weighed into a 50ml bottle, 50ml of distilled water 
added to the solution. The bottle was then shaken for 1hour on a shaker. The solution 
was filtered into a 50ml volumetric flask and filled up to the mark. 5 ml of the filtrate 
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was then transferred into a test tube and mixed with 2 ml of 0.1 M FeCl3 in 0.1M HCl 
and 0,008M K4[Fe(CN)6]3H2O. The absorbance was measured within 10 minutes. The 
Tannin content was calculated using a standard curve of Gallic acid. 
Saponins 
About 20 g of dried Citrus peel or leaf was put in a conical flask after which 100 ml of 
20% aqueous ethanol was added. The mixture was heated in a hot water bath, at 
about 550C, for 4 hours with continuous stirring, after which the mixture was filtered 
and the residue re-extracted with a further 200 ml of 20% ethanol. The combined 
extracts were reduced to 40ml over water at 90 0C. The solution was then transferred 
into a 250 ml separating funnel and 20 ml of dried ether was added and shaken 
vigorously. The ether layer was then discarded and the aqueous extract recovered. 
The purification process was repeated three times.60ml of n-butanol was added, the 
extracts was then washed twice with 10ml of 5% aqueous sodium chloride. The 
remaining was heated in a water bath to allow evaporation. The solution was then 
dried in an oven to a constant weight: Saponins content was calculated as a 
percentage of the starting material. 
 
2.3 Results and Discussions 
 
2.3.1 Physicochemical analysis 
 
Essential oils extracted from leaves and peels by Hydrodistillation were colourless to 
light yellow in appearance with pleasant citrus odour (Figure 2.9). The essential oils 
yield varied from fresh to dried plant materials with a noticeable high yield in dried 
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leaves and peels of Citrus sinensis collected in 2016 and 2017 from Citrus farm as 
shown in Table 2.1 
 
Table 2.1: Yield and physicochemical analysis of essential oils of C. sinensis 
Citrus sinensis  
from Addo 
farm 
Essential oil Yield (w/v %) Physical 
appearance 
odour 
2016 2017 
Fresh leaves 
 
0.19 0.26 Colourless Pleasant 
aromatic 
Dried leaves 
 
0.72 0.69 Yellow  Pleasant 
aromatic 
Fresh peels 
 
0.21 0.25 Light yellow Pleasant Citrus 
aromatic 
Dried peels 
 
0.85 0.87 Light yellow Pleasant Citrus 
aromatic 
 
                  
Figure 2.9: Essential oils isolated from fresh and dried leaf and peel of C. sinensis 
 
2.3.2 Chemical analysis of Citrus sinensis essential oils by GC, GC-MS 
(2016) 
 
Analyses of the volatile constituents from the GCMS chromatograms of the leaf 
essential oils of C. sinensis (Appendix 1 and 2) are listed according to their retention 
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time n Table 2.2. In fresh and dried leaf essential oils, a total of forty-three and eighty-
eight compounds representing 91.5% and 99.6% respectively were identified and 
quantified. The major compounds in fresh leaf essential oil were sabinene (20.4%), 
terpinen-4-ol (13.2%), linalool (7.6%), limonene (7.5%) and trans--ocimene (6.4%). 
-Elemene (16.3%), sabinene (10.7%), limonene (9.6%), linalool (6.7%) and -
caryophyllene (6.0%) were major constituents in dried leaf essential oil. The fresh and 
dried leaf essential oils were dominated by monoterpene hydrocarbons (50.2%, 
31.9%) with sabinene as a major compound. Oxygenated monoterpenes (37.2%, 
22.6%) constituted the second group of compounds with terpinene-4-ol and linalool 
as main compounds. While, sesquiterpene hydrocarbons constituted (1.7%, 31%) 
with β-elemene and β-caryophyllene as main compounds, while oxygenated 
sesquiterpenes (2.4%, 14.1%) had β-sinensal as main compound. 
 
A total of thirty-five and twenty-eight compounds (Table 2.2) representing 99.3% and 
99.1% composition were identified from the GCMS Chromatogram of the fresh and 
dried peel essential oils (Appendix 3 and 4). Citrus sinensis fresh and dried peel 
essential oils were mainly constituted of monoterpene hydrocarbons (62.8%, 80.4%) 
with limonene (49.6%, 73.6%) as a most prevalent compound in fresh and dried peel 
essential oils. Fresh peel oil had three unknown compounds (11.8%, 10.2% and 5.7%) 
at high concentration that are worth knowing as they constitute the major part in oil 
composition. 
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Table 2.2: Chemical composition of Citrus sinensis of leaf and peel essential oils 
RT Compound name 
 
K.I %Composition MS Fragment 
ions#  Fresh 
leaf 
Dried 
leaf 
Fresh 
peel 
Dried 
peel 
5.28 -Thujene 923 0.5 0.1 - - 136, 91,77, 41 
5.45 -Pinene 933 1.5 0.6 0.9 0.5 136, 93, 79, 41 
6.60 Sabinene 974 20.4 10.7 0.9 0.6 136, 93, 77, 41 
6.65 -Pinene 980 1.2 1.2 - - 136, 93, 41, 79 
6.82 Myrcene 983 2.9 0.8 3.0 1.9 136, 41, 93, 69 
7.06 6-Methyl-5-hepten-2-
one 
988 0.3 0.1 - - 126, 93, 41, 69 
7.35 Octanal 1004 - - 1.5 2.1 129, 41, 56, 69 
7.40 Unkown 1007 - - - 1.5  
7.44 -3-Carene 1009 7.5 3.2 - - 136, 93, 79, 41 
7.50 -Terpinene  1018 0.6 0.2 - - 136, 93, 121, 77 
7.91 Limonene 1031 7.5 9.6 49.6 73.6 136, 67, 93, 79 
7.94 1,5,8-p-Menthatriene 1034 2.8 - - - 134, 91, 119, 105 
8.15 Unknown - - - 5.7 - - 
8.18 Unknown - - - 3.2 - - 
8.20 Unknown - - - 11.8 - - 
8.28 Unknown - - - 10.2 - - 
8.38 Trans-β-Ocimene 1037 6.4 1.6 6.5 - 136, 91, 79, 41 
8.64 -Terpinene 1060 1.9 0.4 0.1 0.4 136, 93, 77, 41 
9.01 Octanol 1072 - - 0.3 0.4 108, 41, 55, 69 
9.03 Cis-Linalool oxide 1073 - - - 0.4 170, 43, 59, 93 
9.23 -Terpinolene 1096 1.5 0.8 0.1 - 136, 93, 121, 79 
9.89 Linalool  1112 7.6 6.7 2.7 8.9 154, 43, 71, 55 
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10.48 Trans-p-2,8-
Menthadien-1-ol 
1127 - - 0.1 - 152, 93, 43, 109 
10.66 Cis-limonene oxide 1134 - - 0.1 0.1 152, 43, 67, 109 
10.79 Trans-limonene oxide 1137 - - - 0.1 152, 43, 67, 93 
10.89 p-Mentha-E-2,8(9)-
dien-1-ol 
1139 - - - 0.1 152, 79, 93, 41 
11.06 p-Menth-2-en-1-ol 1140 0.7 0.5 - - 154, 43, 71, 81 
11.13 Citronellal 1147 4.0 2.8 0.1 - 154, 41, 69, 55 
11.20 Isopulegol  1149 0.2 0.1 - - 137, 41, 67, 81 
12.12 Terpinene-4-ol  1177 13.2 3.3 0.3 1.0 154, 71, 43, 93 
12.31 Decanal 1190 0.1 0.1 0.4 0.8 109, 41, 55, 67 
12.43 -Terpineol  1192 1.5 0.8 0.5 2.2 154, 59, 43, 93 
12.69 Cis-Piperitol  1196 - 0.1 - - 154, 83, 41, 55 
12.75 trans-Piperitol 1208 0.3 - - - 154, 83, 41, 55 
12.95 Citronellol 1228 1.1 1.3 - - 154, 41, 69, 81 
13.01 Nerol 1231 0.3 0.5 0.1 0.2 152, 41, 69, 81 
13.15 Trans-Carveol 1233 0.3 - 0.1 0.5 152, 109, 41, 55 
13.40 Trans-Citral  1235 3.1 1.1 - 1.5 154, 69, 41, 85 
13.47 Neral  1242 2.3 - 0.3 0.8 152, 41, 69, 95 
13.62 Geraniol 1255 0.3 0.4 0.1 0.1 152, 41, 69, 81 
13.80 Carvone  1257 3.1 0.1 0.1 0.4 152, 82, 54, 93 
14.09 Geranial 1270 0.2 1.6 0.4 - 152, 41, 69, 95 
15.05 Unknown - - - - 0.3 136, 105, 77, 51 
14.78 1(7),4,8- 
Menthatriene 
1282 - - - 0.3 134, 91, 119, 105 
14.72 Thymol 1290 - 0.1 - - 154, 135, 150, 91 
15.55 Citronellyl acetate 1335 0.9 1.1 - - 198, 43, 81, 67 
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15.72 Neryl acetate 1376 0.7 0.9 - - 196, 41, 69, 93 
15.85 Geranyl acetate 1390 0.4 0.9 - - 196, 41, 69, 93 
16.43 -Elemene 1392 1.2 16.3 - - 204, 67, 41, 79 
17.93 -Caryophyllene 1420 0.3 6.0 - - 204, 41, 91, 79 
17.31 -Cubebene 1386 - 0.2 - - 204, 161, 91, 41 
17.47 -Ionone  1425 - 0.1 - - 192, 121, 43, 93 
17.66 Trans--Farnesene 1443 - 1.8 - - 204, 41, 69, 91 
17.93 -Humulene 1451 0.2 2.3 - - 204, 93, 67, 80 
18.52 Germacrene-D 1480 - 0.4 - - 204, 91, 161, 105 
18.71 -Selinene  1485 - 0.6 - - 204, 93, 41, 79 
19.14 Germacrene A  1502  0.8 - - 204, 93, 121, 41 
19.18 -Cadinene  1523  0.9 0.1 - 204, 119, 161,105 
19.34 -Sesquiphellandrene 1532  0.4 - - 204, 41, 69, 91 
20.36 Dodecanoic acid  1563 - 0.2 - - 204, 60, 73, 43 
20.91 (+)-Spathulenol 1588 - 0.3 - - 205, 43, 91, 79 
21.00 Caryophyllene oxide 1592 - 0.7 - - 220, 41, 79, 91 
21.17 Humulene epoxide II  1597 - 0.2 - - 220, 41, 79, 91 
21.54 (E,Z)--Farnesene 1690 - 0.2 - - 204, 41, 93, 79 
21.59 Farnesol  1697 0.3 1.0 - - 222, 41, 69, 81 
21.65 -Patchoulene  1702 - 0.4 - - 204, 107, 93, 43 
23.17 -Sinensal  1706 1.5 6.3 0.1 - 204, 93, 79, 107 
24.06 Octadecane  1721 - 0.2 - - 139, 57, 41, 71 
24.24 -Sinensal 1757 0.3 1.3 - - 204, 93, 79, 107 
27.11 Hexadecanoic acid  1955 - 0.5 - 0.2 256, 43, 73, 60 
27.69 Nerolidol  1960 0.1 0.6 - - 222, 41, 69, 93 
28.42 Phytol 2000 0.2 2.2 - - 296, 71, 43, 55 
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Monoterpene hydrocarbons 50.2 31.9 62.8 80.4  
Oxygenated monoterpene 
hydrocarbons 
37.2 22.6 5.4 18.5 
Sesquiterpene hydrocarbons 1.7 31 0.1 - 
Oxygenated sesquiterpenes  2.4 14.1 0.1 0.2 
Others - - 30.9 - 
 Total %  91.5 99.6 99.3 99.1 
# MS Fragment ions: Molecular ion and others in decreasing intensity 
 
2.3.3 Chemical composition of Citrus sinensis essential oils by GC, GC-
MSMS (2017) 
 
Citrus sinensis leaf and peel essential oils was analysed using GC and GC-MSMS for 
2017 plant collection and the chemical compounds identified from the GCMSMS 
Chromatogram (Appendix 5 and 6) are listed according to their retention time in table 
2.3. Twenty-four and twenty-five compounds consisting of 98.8% and 99.3% were 
identified from the fresh and dried leaf essential oils of C. sinensis. The major 
compounds in fresh leaf oil were sabinene (22.6%), linalool (19.3%) and d-limonene 
(19.1%). Other prominent compounds noticeable in fresh leaf oil were trans--
ocimene (8.8%), -terpinene (7.5%) and terpinene-4-ol (6.8%). The dried leaf 
essential oil on the other hand had -elemene (21.4%), sabinene (20.8%), linalool 
(12.9%) and caryophyllene oxide (12.6%) as major compounds while other 
conspicuous compounds present were -caryophyllene (5.9%) and terpinene-4-ol 
(7.5%). Fresh leaf essential oil was mostly constituted by monoterpenoids (98.4%) 
with very small amount of sesquiterpenoids (0.4%) while, the dried leaf essential oil 
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consisted of substantial amount of both monoterpenoids (54%) and sesquiterpenoids 
(45.3%) class of compounds. 
Analyses of the fresh and dried peel oil chromatogram (Appendix 7 and 8) afforded a 
total of seven and thirteen compounds (Table 2.3), accounted for 99.9% and 100% 
of the total oil composition. D-limonene (87.1%) was a major compound with -
myrcene (7.4%) and -terpinene (5.0%) as other prominent compounds in fresh peels 
essential oil. D-limonene (88.3%) was also the dominant compound in dried peels 
essential oil but other prominent compounds where at variance (in percentages or 
identity) to those fresh peel oil mentioned above. Linalool (5.5%), -myrcene (2.1%) 
and -terpineol (1.3%) were the other three significant compounds in the dried leaf 
oil. This results reveals that the South African Citrus sinensis peels volatile oils is of 
limonene chemotype.   
 
Table 2.3: Chemical constituents of Citrus sinensis leaf and peel essential oils  
RT 
 
Compound name KI          % composition MS Fragment 
ions# 
Fresh 
leaf 
Dried 
leaf 
Fresh 
peel 
Dried 
peel 
7.30 -Pinene 933 0.9 0.8 0.3 0.1 136, 93, 41, 79 
7.92 -Phellandrene 996 - - tr - 136, 93, 77, 41 
8.22 Sabinene 974 22.6 20.8 - - 136, 93, 77, 41 
8.43 -Pinene 980 0.2 1.9 0.1 - 136, 93, 41, 79 
8.82 -Myrcene 983 2.1 - 7.4 2.1 136, 41, 93, 69 
9.31 Octanal 1004 0.4 0.6 - - 129, 41, 56, 69 
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9.62 (+)-3-Carene 1009 0.4 0.1 - - 136, 93, 79, 41 
10.00 p-Cymene 1015 0.2 - 0.1 - 134, 119, 91, 65 
10.47 D-Limonene 1031 19.1 4.1 87.1 88.3 136, 67, 93, 79 
10.71 Trans--Ocimene 1037 8.8 - - 0.3 136, 91, 79, 41 
10.82 -Terpinene 1060 7.5 - 5.0 - 136, 93, 77, 41 
12.25 Unknown - 0.1 - - - - 
13.58 Linalool 1112 19.3 12.9 - 5.5 154, 43, 71, 55 
14.15 Trans-p-mentha-2,8-
dienol 
1127 0.5  - 0.3 152, 93, 43, 109 
14.58 cis-Limonene oxide 1134 - - - 0.1 152, 43, 67, 109 
15.90 Citronellal 1147 5.1 1.3 - - 154, 41, 69, 55 
17.18 Terpinen-4-ol 1177 6.8 7.5 - 0.1 154, 71, 43, 93 
17.88 -Terpineol 1192 1.8 - - 1.3 152, 59, 43, 93 
18.38 Decanal 1204 - - - 0.9 109, 41, 55, 67 
19.33 Citronellol 1228 0.2 1.6 - - 152, 41, 69, 81 
19.66 trans-Carveol 1233 0.2 - - 0.4 152, 109, 41, 55 
19.79 trans-Citral 1235 0.2 - - - 154, 69, 41, 85 
20.10 Isopulegol 1149 - 0.2 - - 137, 41, 67, 81 
20.41 Geraniol 1255 0.1 1.2   152, 41, 69, 81 
20.51 Carvone 1257 1.3 - - 0.4 152, 82, 54, 93 
21.13 p-mentha-1(7)-8(10)-
dien-9-ol 
1298 0.1 0.3 - 0.2 152, 109, 41, 134 
22.16 Thymol 1290 - 0.7 -  154, 135, 150, 91 
25.88 Geranyl acetate 1390 0.6 - - - 196, 41, 69, 93 
26.57 -Elemene 1392 0.4 21.4 - - 204, 67, 41, 79 
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27.58 Cis--Farnesene 1419 - 0.7 - - 204, 41, 69, 91 
27.69 -Caryophyllene 1420 - 5.9 - - 204, 41, 91, 79 
27.78 -Ionone 1425 - 0.3 - - 192, 121, 43, 93 
28.12 Germacrene D 1480 - 0.1 - - 204, 91, 161, 105 
29.15 Cis--Bisabolene 1545 - 2.2 - - 204, 41, 93, 107 
33.95 (+)-Spathulenol 1588 - 1.2 - - 205, 43, 91, 79 
34.14 Caryophyllene oxide 1592 - 12.6 - - 220, 41, 79, 91 
39.81 Alloaromadendrene 
oxide 
1622 - 0.2 - - 204, 41, 91, 79 
45.82 trans-Farnesol 1697 - 0.4 - - 222, 41, 69, 81 
52.40 Phytol 2000 - 0.3 - - 296, 71, 43, 55 
Monoterpene hydrocarbons 62.2 28.3 99.9 91.7  
Oxygenated monoterpene 
hydrocarbons 
36.1 25.7 - 8.3 
Sesquiterpene hydrocarbons 0.4 30.6 - - 
Oxygenated sesquiterpene 
hydrocarbons 
- 14.7 - - 
Others 0.1    
Total % 98.8 99.3 99.9 100.0 
# MS Fragment ions: Molecular ion and others in decreasing intensity 
 
Plant materials were collected twice from the same trees in order to check if the 
chemical profile changes over a period of time (one year).  The analyses of the 
chemical constituents of Citrus sinensis leaf and peel essential oils in this study was 
carried out by means of two different GC-MS equipment. Initially, Walter Sisulu 
University GC-MSMS was not yet installed hence, analyses was our sourced in 2016 at 
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University of Stellenbosch. Upon installation of the new state of the art prep-GC-GCMS-
MS in 2017, analyses was done to ascertain the instrumental influence on the chemical 
analyses if any.  The essential oils were extracted by same hydrodistillation method 
and analysed in Stellenbosch University using Gas chromatography coupled with mass 
spectrometer (GC-MS) in 2016 and at Walter Sisulu University using Gas 
chromatography coupled with triple quadrupole mass spectrometer (GC-MSMS) in 
2017 under the same polarity and similar conditions. Major volatile compounds 
identified by GC-MS and GC-MSMS from fresh and dried leaf and peel oils are 
presented in Table 2.4.  
The physicochemical analysis of the two oils collected over a period of one year 
difference did not show much variance in percentage composition, colour or odour 
(Table 2.1). It was noticed that there was no much variation of major compounds 
found from fresh and dried leaf oils identified by GC-MS and GC-MSMS (Table 2.4). 
Sabinene (20.4% GC-MS, 22.6% GC-MSMS) was a prominent compound in fresh leaf 
oil while -elemene (16.3% GC-MS, 21.4% GC-MSMS) was prominent in dried leaf oil. 
Caryophyllene oxide (12.6%) was identified to be high in dried leaf oil by GC-MSMS 
and significant (0.7%) in dried leaf by GC-MS. Limonene (73.6% GC-MS, 88.3% GC-
MSMS) was the most prevalent compound followed by linalool (8.9% GC-MS, 5.5% 
GC-MSMS) in dried peel oil signifying no variation of major compounds. Fresh peel oil 
had limonene (49.6% GC-MS, 87.1% GC-MSMS) and -myrcene (3.0% GC-MS, 7.4% 
GC-MSMS) while other chemical composition varied. 
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Table 2.4: Summary of major compounds from C. sinensis L. osbeck essential oils 
Essential oils Method of 
Identification 
Total % 
identified 
Total number 
of compounds 
Major compounds 
Fresh leaves 
2016 
 
GC, GC-MS 99.7 43 Sabinene (20.4%), 
terpinen-4-ol (13.2%), 
linalool (7.6%), limonene 
(7.5%), trans-β-ocimene 
(6.4%) 
Fresh leaves 
2017 
GC, GC-MSMS 98.8 24 Sabinene (22.6%), linalool 
(19.3%), D-limonene 
(19.1%), trans--ocimene 
(8.8%), -terpinene 
(7.5%), terpinene-4-ol 
(6.8%) 
Dried leaves 
2016 
GC, GC-MS 99.6 88 -Elemene (16.3%), 
sabinene (10.7%), 
limonene (9.6%), linalool 
(6.7%), β-sinensal (6.3%), 
β-caryophyllene (6.0%) 
Dried leaves 
2017 
GC, GC-MSMS 99.3 25 -Elemene (21.4%), 
sabinene (20.8%), linalool 
(12.9%), caryophyllene 
oxide (12.6%), terpinen-4-
ol (7.5%), -caryophyllene 
(5.9%) 
Fresh peels 
2016 
GC, GC-MS 99.3 35 Limonene (49.6%), trans-
β-ocimene (6.5%), 
myrcene (3.0%), linalool 
(2.7%) 
Fresh peels 
2017 
GC, GC-MSMS 99.9 7 D-limonene (87.1%), -
myrcene (7.4%), -
terpinene (5.0%) 
Dried peels 
2016 
GC, GC-MS 99.1 28 Limonene (73.6%), linalool 
(8.9%), myrcene (1.9%), 
-terpineol (2.2%), Octanal 
(2.1%) 
Dried peels 
2017 
GC, GC-MSMS 100 13 D-limonene (88.3%), 
linalool (5.5%), -myrcene 
(2.1%), -terpineol (1.3%) 
 
Although in both GC-MS and GC-MSMS the leaves and peels essential oils analysis 
identified similar major compounds, there was a quantitative difference in volatile oils 
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composition. It was observed that essential oils analysis and identification by GC-MS 
gave more abundance of compounds from leaf and peel oils than identified by GC-
MSMS. This could be due to the resolution factor of the GCMS compared to the 
GCMSMS. The variations in the two GC-MS results could be also arise from the 
additional triple quadrupole mass spectrometer which helps to further 
scrutinized/refocus fragment ion for proper identification.  Triple quadrupole is a mass 
filter, highly selective and very specific in analysis. For its sensitivity, selected ion 
monitoring (SIM) detector mode was used in triple quadrupole mass spectrometer 
coupled with gas chromatography (GC-MSMS).  In the analysis of essential oil as a 
complex mixture of compounds, the GC-MSMS permitted a number of selected ions 
fragments to pass freely in first analyser that is Quadrupole (Q1) while the other two 
quadrupoles fairly transmit the ions fragments filtered by Q1 leading to identification 
of biomarkers groups of compounds in the essential oils. While all other ions did not 
pass the quadrupole mass filter (Hoker et al., 2015, Steshenko and Martinez, 2014). 
 
2.3.4 Phytochemical screening 
 
2.3.4.1 Qualitative analysis 
 
The screening of Citrus sinensis leaves and peels infusion extract detected presence 
of eight secondary metabolites in the leaf and six in the peel infusion as summarized 
in Table 2.5. Flavonoids, phenolic compounds and terpenoids were prominent 
secondary metabolites present in Citrus sinensis leaf and peel. 
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Table 2.5: Qualitative screening of secondary metabolites in C. sinensis 
Secondary metabolites Citrus sinensis leaves Citrus sinensis peels 
Tannins + + 
Flavonoids ++ ++ 
Phenolic compounds ++ ++ 
Saponins + - 
Terpenoids ++ ++ 
Glycosides + + 
Alkaloids + + 
Phytosterol + - 
Steroids - - 
Protein and amino acid - - 
Phlabotannins - - 
Notes: + present at moderate concentration, ++ present at high concentration, - not detected 
 
2.3.4.2 Quantitative analysis 
 
Quantitative estimation of some secondary metabolites that were detected in infusion 
extract are presented in Table 2.6 below. Both the leaf and peels had flavonoids at 
very high concentration. 
 
Table 2.6: Quantity of secondary metabolites detected in C. sinensis 
Citrus 
 
Compounds Starting 
material (g) 
Obtained mass 
(g) 
% percentage 
Citrus sinensis 
leaves 
 
 
Flavonoids 
Tannins 
Saponins 
Alkaloids 
10.08 
5.01 
20.00 
5.00 
2.05 
0.07 
0.18 
0.20 
20.33 
1.39 
0.90 
3.99 
Citrus sinensis 
peels 
Flavonoids 
Tannins 
Saponnins 
Alkaloids 
10.35 
5.00 
20.00 
5.04 
2.63 
0.16 
0.05 
0.26 
25.41 
3.20 
0.25 
5.15 
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Despite the fact that the qualitative analysis of the peel showed the absence of 
saponins, the quantitative analysis was able to detect the amount presence in the peel 
extract. This is an indication that at times the inference may not be visibly detected 
but the presence of such compounds should not be ruled out until quantification test 
is done.  
 
In summary, it was observed that the chemical profile of fresh and dried leaves 
essential oils showed wide variations. The fresh leaf essential oil was constituted 
mainly of monoterpene hydrocarbons and oxygenated monoterpenes with sabinene, 
while dried leaf essential oil was dominated by sesquiterpenes and monoterpenes with 
-elemene. This implies that the air drying of the leaves had an effect in essential oils 
composition pattern and yield of the oils. Drying of plant is said to improved yield of 
the oils due to loss of moisture content (Usman et al., 2016). There is a resemblance 
in the present study results of fresh leaf essential oil with the Egyptian study reported 
by Muhammad et al. (2013) in which terpinen-4-ol was the major compound in fresh 
leaf oil. The results revealed that the South African C. sinensis peels volatile oils is of 
limonene chemotype which is in line with previous studies from Iran, Pakistan, 
Vietnam and India also identifying limonene as a major compound in peel oils (Azar 
et al., 2011, Kamal et al., 2013, Tan et al., 2011, Gupter et al., 2014). 
 
Phytochemical screening of leaves and peels infusion extract showed the presence of 
flavonoids, phenolic compounds, terpenoids, glycosides, alkaloids, tannins and 
saponnins. The quantity estimated for flavonoids was 25.41% in peels and 20.33% in 
leaves revealing that Citrus sinensis is a good source of flavonoids at a high 
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concentration. South African C. sinensis leaves and peels volatile oils compounds were 
further studied for biological activities reported in chapter 5. 
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Chapter 3 
 
Phytochemical studies of Citrus reticulata Blanco (Nova mandarin) 
 
 3.1 Introduction and Literature review 
 
Mandarins seem to be the most highly evolved type of the small size and loose-skinned   
citrus fruits also known as soft citrus oranges. The group of mandarins is diverse and the 
types of mandarin fruits are easy to peel including satsumas, tangerines and clementines. 
This chapter focuses on the extraction and chemical analysis of essential oils, and the 
phytochemical screening of peels and leaves of Citrus reticulata Blanco. 
 
3.1.1 Description, origin and distribution of Citrus reticulata Blanco 
 
Citrus reticulata Blanco belong to the Rutaceae family. Nova mandarin is one of cultivars 
in Citrus reticulata Blanco specie. Nova mandarin tree is round and compact in shape 
with narrow, tapered leaves (Figure 3.1). Fruit size is medium and is fairly flat to round 
in shape with a deep orange rind colour. It is easily peeled and can be oily. Mandarin 
was first planted experimentally in various trial blocks in South Africa during 1970s. 
Citrus reticulata Blanco is now cultivated in most countries of tropical and subtropical 
climate. 
 
                               Figure 3.1: Citrus reticulata fruit and leaves 
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3.1.2 Ethnomedicinal uses of Citrus reticulata Blanco 
 
Citrus reticulata essential oil is said to be used to help relieve stress in the nervous 
system and digestive aliments. The essential oil is used to treat constipation and 
diarrhoea (Fleisher and Fleisher, 1990; Fayed, 2009). Citrus reticulata plant is well 
known for many folk medicine uses such as fever, snakebite, stomachache, oedema, 
bronchitis and asthma (Yabesh et al., 2014, Hamdan et al., 2016). Due to the presence 
of hesperidin in mandarin plant, it is used to treat haemorrhages, capillary fragility and 
hypertension (Cano and Bermejo, 2011).  
 
3.1.3 Chemical composition of Citrus reticulata Blanco 
  
Safdar et al., (2016) isolated six flavonoids and five phenolic acid compounds namely 
catechins, epicatechins, hesperidin (2), naringenin (1), quercetin (5), kaempferol (6), 
Ferulic acid (7), gallic acid, caffeic acid (8), coumaric acid (9) and chlorogenic acid 
(10) from Citrus reticulata peel extract (Figure 3.2). The isolated compounds showed 
significant antioxidant activity through ferric reducing power (FRAP), 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity and superoxide radical scavenging 
capacities.   
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Figure 3.2: Structures of phenolic compounds isolated in Citrus reticulata peels 
 
Not much is reported about the essential oils composition of this species from Africa. 
Chemical composition of essential oil of Citrus reticulata leaves growing from Ikotun 
Nigeria  identified  citronellal (11), (z)--ocimene (12) and limonene as major 
compounds while the leaves oil from Ijanikin Nigeria had pinocarvone (13), trans-
pinocarveol acetate (14), -thujone (15) as main constituents (Lawal et al., 2014) of 
which in this report there were variation in essential oils composition of Citrus 
reticulata leaves growing in different locations (Figure 3.3). These report is noteworthy 
as these compounds citronellal, pinocarvone, trans-pinocarveol acetate and -thujone 
are not known to be major constituents of citrus oils. 
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Figure 3.3: Structure of compounds found in Citrus reticulata leaf essential oils 
 
Citrus reticulata fruit peel essential oil from Egypt had limonene (79.64%) as major 
compound with -terpinene, sabinene, -fanchene, -pinene and linalool as other 
significant monoterpenoids. While the leaf oil had sabinene (23.1%) and linalool 
(21.2%) as main compounds with terpinene-4-ol, limonene, -myrcene, thymol, (E)-
-ocimene and -fanchene as prominent monoterpenoids (Hamdan et al., 2016). 
Hydrodistilled essential oil extracted from C. reticulata leaves cultivated in France was 
described to have  sabinene (36.4%), (E)--ocimene (19.6%), linalool (9.7%) and 
limonene (3.9%) as major compounds (Fanciullino et al., 2005).  
 
3.1.4 Biological activity 
 
Hamdan et al., (2013, 2016) studied the anti-inflammatory properties of the leaf and 
peel volatile oils of two Egyptian mandarin varieties (Cleopatra mandarin and santra 
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mandarin). The two papers reports revealed that the volatile oils had anti-
inflammatory activities by inhibiting tumour necrosis factor alpha (TNF -) and nitric 
oxide (NO) which are inflammatory mediator and regulator. Cleopatra mandarin 
volatile oil compounds was further investigated for antimicrobial activity and the leaf 
and peel volatile oils showed significant anti-microbial activities against most common 
gram-positive and gram-negative bacteria (Hamdan et al., 2013). Antioxidant activity 
of Citrus reticulata peels essential oil from Pakistan was also reported (Kamal et al., 
2013). According to Boudries et al (2017), the antioxidant and antimicrobial activity of 
mandarin peel essential oils was due to the limonene content.  
Although mandarin is one of South African mostly cultivated soft citrus for local 
consumption and export, the chemical composition of the essential or its biological 
activities have not been studied or reported in literature.  
 
3.2 Materials and Methods 
 
3.2.1 Plant collection 
 
Nova mandarin fruit and leaves were collected in the month of April 2016 and March 
2017 at Addo River Bend Farm, Eastern Cape. The citrus fruit plant parts taxonomy 
was authenticated by the herbarium curator in Botany laboratory, of the Department 
of Biological and Environmental Sciences, Walter Sisulu University, where voucher 
specimens were deposited with a number TM02 
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3.2.2 Extraction of essential oils 
   
500 g of fresh and dried Citrus reticulata peels or leaves were subjected separately to 
hydro-distillation set-up using Clevenger apparatus. The plant material was introduced 
into round bottomed flask and distilled water added to levels above the plant material 
and the flask placed on the heating mantle connected to a condenser boiled at 100oC 
and run for 4h. The extracted essential oils was collected and stored in air-tight bottle 
and kept under refrigeration until the time of analysis (Oyedeji et al., 2000). 
  
3.2.3 Analysis of essential oil 
 
3.2.3.1 Gas Chromatography (GC) 
 
GC analysis was carried out on Agilent 6890N gas chromatograph (Agilent 
technologies) equipped with FID detector and ZB-5MS column (30 m in length X 0.25 
mm i.d and 0.25 µm film thickness). The operation parameters as described in Chapter 
2, section 2.2.3.1.   
  
3.2.3.2 Gas Chromatography-Mass spectrometry (GC-MS) 
 
The essential oils were analysed by GC-MS on an Agilent 6890N Gas Chromatography 
coupled with 5973 mass spectrometer equipped with a ZB-5MS capillary column (30 
m length X 0.25 mm i.d X 0.25 µm film thickness). Operation parameters as described 
in Chapter 2, section 2.2.3.2.  
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3.2.3.3 Gas Chromatography-Triple Quadrupole Mass spectrometry (GC-
MSMS) 
 
The essential oils were analysed by GC-MSMS on a Bruker 450N Gas Chromatography 
coupled with 300 TQ mass spectrometer equipped with a HP-5MS capillary column (30 
m length X 0.25 mm i.d X 0.25 µm film thickness). Operation parameters as described 
in Chapter 2, subheading 2.2.3.3 
 
3.2.4 Phytochemical Screening 
 
3.2.4.1 Qualitative analysis  
 
Several phytochemical tests were carried out to detect the presence of phytochemical 
components in the infusion extract of Citrus reticulata (nova mandarin) leaves and 
fruit peels (Dyayiya et al., 2016). Detailed method is described in chapter 2 
subheadings 2.2.4.1 and 2.2.4.2 
 
3.3 Results and Discussions 
 
3.3.1 Physicochemical analysis of essential oils 
 
The physicochemical details of the leaves and peels essential oils are presented in 
Table 3.1. The highest yield of essential oils was obtained in dried leaves and peels 
(0.58-0.80 %) from 2016 and (0.55-077%) from 2017 plant collection. The peels 
essential oils had a mandarin-like odour while leaves essential oils had an aromatic 
odour.  
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Table 3.1: Physicochemical analysis of the leaf and peel essential oils of C. reticulata 
Blanco 
Citrus reticulata 
Blanco 
Essential oils Yield (w/v%) Physical 
appearance 
Odour 
2016 2017 
Fresh leaves 
 
0.44 0.45 Colourless aromatic 
Dried leaves 
 
0.58 0.55 Yellow aromatic 
Fresh peels 
 
0.36 0.32 Colourless Mandarin like 
aromatic 
Dried peels 
 
0.80 0.77 light yellow Mandarin like 
aromatic 
 
 
3.3.2 Chemical composition of Citrus reticulata Blanco essential oils 
analysed by GC, GC-MS (2016) 
 
Twenty-six and thirty-eight compounds were identified from the GC-MS chromatogram 
of the fresh and dried leaves essential oils (Table 3.2, Appendix 9 and 10) representing 
91.5% and 96.1% of the total essential oils content, with linalool (33.4%), (+)-
spathulenol (15.2%), -sinensal (9.3%), -caryophyllene (6.1%) and terpenen-4-ol 
(4.5%) as major compounds in fresh leaves essential oil. In the dried leaves essential 
oil, sabinene (20.8%), linalool (17.2%), terpinen-4-ol (9.7%) and trans--ocimene 
(7.5%) were the major compounds. Monoterpenoids (51.4%) and sesquiterpenoids 
(38.7%) predominated the fresh leaves essential oil profile while the dried leaves 
essential oil was mainly constituted by monoterpenoids (88.0%) as displayed in Table 
3.2. 
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In the fresh and dried peels essential oils of C. reticulata, thirty-one and seventy-one 
compounds (96.9% and 94.1%) (Table 3.2, Appendix 11 and 12) were identified. 
Limonene (55.2 and 75.4%), followed by linalool (12.8% and 2.9%), -myrcene 
(2.8% and 1.4%) and carvone (2.8% and 1.4%) were major compounds abundant in 
the peel essential oils. Noticeably was the present of an unknown compound (11.8%) 
in the fresh peel essential oil at high concentration, based on the fragmentation 
pattern and molecular ion peak, this compound is a monoterpene (m/z= 136). Effort 
to isolate the compound was unsuccessful as it came out as a mixture due to the close 
retention times with limonene, ocimeme and other compounds in the 8-8.30 secs. This 
unknown is one of the major compounds of fresh peels essential oil with possibility of 
categorising the compound as a monoterpene. Monoterpenoids in fresh and dried 
peels essential oils constituted dominated the chemical profile of the oils with about 
81.2% and 88.3% respectively. 
 
Table 3.2: Chemical composition of Citrus reticulata leaf and peel essential oils 
RT Compounds  K.I % composition MS Fragment ions# 
Fresh 
leaves 
Dried 
leaves 
Fresh 
peels 
Dried 
peels 
5.29 -Thujene 923  0.7   136, 91, 77, 41 
5.44 -Pinene 934  1.9 0.5 0.4 136, 93, 41, 79 
6.40 Sabinene 974 2.3 20.8 0.1 0.1 136, 93, 77, 41 
6.66 -Pinene   980 0.3 1.3  tr 136, 93, 79, 41 
6.73 -Myrcene 994  2.8 2.2 1.4 136, 41, 93, 69 
7.33 n-Octanal 1004   0.9 0.5 129, 41, 56, 69 
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7.33 (+)-3-Carene 1009 0.9 5.8   136, 93, 79, 41 
7.51 -Terpinene   1018  1.1  0.1 136, 93, 121, 77 
8.01 Limonene 1031 2.1 7.1 55.4 75.4 136, 67, 93, 79 
8.17 trans--Ocimene 1037  7.5 0.4 0.3 136, 91, 79, 41 
8.26 Unknown -   3.3  - 
8.28 Unknown -   11.8  - 
8.51 -Terpinene 1060  1.5 0.1 0.1 136, 93, 77, 41 
8.95 1-Octanol 1072   0.4 0.1 108, 41, 55, 69 
9.05 cis-Sabinene hydrate 1068  0.8   154, 43, 93, 79 
9.21 -Terpinolene  1079  0.9   136, 93, 121, 79 
9.47 Trans Linalool oxide 1073  0.1  0.7 164, 43, 59, 93 
9.65  Dehydro-p-cymene  1025   0.1 0.2 134, 119, 91, 65 
9.72 Linalool  1112 33.4 17.2 12.8 2.9 154, 43, 71, 55 
9.78 Nonanal  1117    0.3 142, 57, 41, 98 
10.04 1,3,8-p-Menthatriene 1119  2.6  0.1 134, 91, 119, 105 
10.09 Trans-sabinene 
hydrate 
1121 0.2    154, 43, 93, 79 
10.45 trans-p-2,8-
Menthadien-1-ol 
1127   0.7 0.3 152, 93, 43, 109 
10.63 cis-Limonene oxide 1134   0.1 0.1 152, 43, 67, 109 
10.75 trans-Limonene oxide 1137   0.1 0.1 152, 43, 67, 93 
10.86 p-Mentha-E-2,8(9)-
dien-1-ol 
1141   0.5 0.2 152, 79, 93, 41 
11.04 Citronellal 1149 1.2 1.6   154, 41, 69, 55 
11.11 -Terpineol 1160    0.1 154, 43, 93, 71 
11.87 Terpinen-4-ol 1177 4.5 9.7 0.5 0.5 154, 71, 43, 93 
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12.00 1,8-menthadien-4-ol 1173   0.6 0.3 152, 68, 79, 93 
12.29 Decanal 1204   0.5 0.3 109, 41, 55, 67 
12.42 -Terpineol 1207 1.4 1.3 1.7 1.5 152, 59, 43, 93 
12.89 Citronellol 1228 2.5 1.1   154, 41, 69, 81 
12.95 Nerol 1234 0.8 0.3   152, 41, 69, 81 
13.05 trans-(+)-Carveol 1237   0.5 0.9 152, 109, 41, 55 
13.37 cis-Carveol 1246   0.3 0.3 152, 41, 109, 55 
13.76 Geraniol 1255 1.6 0.2  tr 152, 41, 69, 81 
14.06 Carvone 1256   2.8 1.4 150, 82, 54, 93 
14.10 Geranial 1270  0.1 0.3 0.2 152, 41, 69, 95 
14.57  Perillaldehyde  1271    0.5 150, 67, 79, 41 
15.04 Methyl geraniate 1325 0.6 0.4   182, 69, 41, 114 
15.62 -Terpinenyl acetate  1332    0.1 196, 43, 121, 93 
15.51 Citronellyl acetate 1335 0.3 0.2   198, 43, 81, 67 
15.81 Neryl acetate 1376 0.3 0.4   196, 41, 69, 93 
16.36 Geranyl acetate 1390 0.8 2.1  tr 196, 41, 69, 93 
16.38 -Elemene 1392 0.4   0.1 204, 67, 41, 79 
17.23 -Cubebene 1386 0.4    204, 161, 91, 41 
17.11 -Caryophyllene 1440 6.1 1.1   204, 41, 91, 79 
17.63 Trans--Farnesene 1449 3.4 0.4   204, 41, 69, 91 
17.97 -Humulene  1451 0.9 0.2  0.1 204, 93, 67, 80 
18.32 Bicyclogermacrene 1464  0.8   204, 93, 41, 121 
18.51 Germacrene-D 1480   0.2 0.1 204, 91, 161, 105 
18.70 Valencene 1483   0.1 0.1 204, 105, 161, 91 
18.81 -Selinene 1494    0.1 204, 93, 41, 79 
19.18 -Cadinene  1523 1.4 0.2  0.1 204,119, 161,105 
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19.29 -Sesquiphellandrene  1543 0.6    204, 41, 69, 91 
20.16 (+)-Aromadendrene  1549    0.2 204, 161, 91, 105 
20.23 Dodecanoic acid  1563    0.2 204, 60, 73, 43 
20.89 (+)-Spathulenol 1566 15.2 1.4   205, 43, 91, 79 
21.92 (-)-Spathulenol  1588 1.2 0.1  0.1 205, 43, 91, 79 
22.44 -Eudesmol 1633    0.2 204, 59, 149, 41 
23.10 -Sinensal  1706 9.3 1.8  0.1 204, 93, 79, 107 
24.22 -Sinensal 1757 0.7 0.4   204, 93, 55, 79 
28.42 Phytol 1949 0.5 0.2   296, 71, 43, 57 
Monoterpene hydrocarbons 3.8 52.0 64.4 78.3  
Oxygenated monoterpenes 47.6 36.0 16.8 10.0 
Sesquiterpene hydrocarbons 13.2 2.7 0.3 1.0 
Oxygenated sesquiterpenes 26.9 3.9 - 0.5 
Others - 1.5 15.3 4.4 
Total %  91.5 96.1 96.9 94.1 
# MS Fragment ions: Molecular ion and others in decreasing intensity 
 
3.3.3 Chemical composition of Citrus reticulata essential oils by GC, GC-
MSMS (2017) 
 
Nineteen and thirteen compounds were identified from the GC-MSMS chromatograms  
(Table 3.3, Appendix 13 and 14) representing 99.1% and 99.5% of total composition 
in fresh and dried leaves essential oils. D-Limonene (21.4%), linalool (19.6%), 
sabinene (16.2%), terpinene-4-ol (11.9%), (+)-spathulenol (10.6%) and 
caryophyllene oxide (6.4%) were major compounds in fresh leaves volatile oil while 
sabinene (32.5%), linalool (20.4%), D-limonene (10.3%), trans--ocimene (8.5%) 
and terpinene-4-ol (7.9%) were main compounds in dried leaf oil of C. reticulata. 
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Monoterpenoids are the dominating class of terpenoids in fresh and dried leaf volatile 
oil (81.8% and 94%).  
Twenty and twelve compounds (Table 3.3, Appendix 15 and 16) accounted for 99.9% 
and 99.8% of fresh and dried peels essential oils were identified. Just like the leaf oils, 
the fresh and dried peels volatile oils are also dominated by monoterpenoids but with 
major compounds found as D-limonene (39.5% and 80.8%), linalool (48.4% and 
7.4%), -myrcene (1.9% and 2.6%) and carvone (2.0% and 1.9%) in fresh and dried 
peels essential oils respectively. 
 
Table 3.3 Chemical profile of Citrus reticulata leaf and peel essential oils 
RT 
 
Compound name KI          % composition 
 
MS Fragment 
ions# 
Fresh 
leaf 
Dried 
leaf 
Fresh 
peel 
Dried 
peel 
6.85 -Pinene 
 
934 1.1 4.1 - 0.3 136, 93, 41, 79 
8.22 Sabinene 
 
974 16.2 32.5 0.8 0.6 136, 93, 77, 41 
8.41 -Pinene 
 
980 1.3 2.1 - - 136, 93, 79, 41 
8.83 -Myrcene 
 
994 0.7 2.3 1.9 2.6 136, 41, 93, 69 
9.22 
 
Octanal 1004 - - - 0.9 129, 41, 56, 69 
9.62 (+)-3-Carene 
 
1009 1.2 3.6 - - 136, 93, 79, 41 
10.25 p-Cymene 
 
1025 1.6 1.0 - - 134, 119, 91, 41 
10.46 D-Limonene 
 
1031 21.4 10.3 39.5 80.8 136, 67, 93, 79 
11.70 trans--Ocimene 
 
1037 0.9 8.5 0.2 - 136, 91, 79, 41 
12.24 cis-linalool oxide 
 
1073 - - 0.2 - 170, 43, 59, 93 
12.94 
 
trans-linalool oxide 1075 - - 0.1 - 170, 43, 59, 93 
59 
 
13.54 Linalool 1097 19.6 20.4 48.4 7.4 154, 43, 71, 55 
 
13.74 Nonanal 
 
1104 - - 0.4 - 142, 41, 57, 69 
14.49 trans-p-mentha-2,8-
dienol 
1127 - - 0.4 0.5 152, 93, 43, 109 
 
15.07 cis-limonene oxide 1134 - - 0.2 1.9 152, 43, 67, 109 
 
15.25 trans-limonene oxide 
 
1137 - - 0.5 1.1 154, 43, 67, 93 
17.17 Terpinen-4-ol 
 
1177 11.9 7.9 0.9 - 154, 71, 43, 93 
17.83 -Terpineol 
 
1207 1.3 - 1.2 - 136, 59, 43, 93 
18.06 trans- Piperitol 
 
1209 - - 0.5 - 139, 83, 41, 55 
18.38 Decanal 
 
1214 -  1.3  109, 41, 55, 67 
19.33 
 
Citronellol 1228 0.5 0.3 0.2 - 138, 41, 69, 81 
20.00 Geraniol 
 
1255 0.3 - 0.2 - 139, 41, 69, 81 
20.07 trans-Carveol 
 
1233 - - 0.9 1.5 152, 109, 41, 55 
20.38 Carvone 
 
1257 0.9 - 2.0 1.9 150, 82, 54, 93 
22.13 cis-p-mentha-1(7),8-
dien-2-ol 
 
 0.2 - 0.1 0.3 152, 109, 41, 134 
22.15 
 
Thymol 1290 0.3 - - - 154, 135, 150, 91 
26.01 Geranyl acetate 
 
1390 2.5 1.0 - - 196, 41, 69, 93 
27.69 -Caryophyllene 
 
1440  5.5 - - 204, 41, 91, 79 
29.16 
 
Trans--farnesene 1449 0.7 - - - 204, 41, 69, 91 
33.95 
 
(+)-Spathulenol 1566 10.1 - - - 205, 43, 91, 79 
34.14 Caryophyllene oxide 
 
1592 6.4 - - - 222, 41, 79, 91 
Monoterpene hydrocarbons 44.4 
 
64.4 51.3 85.2  
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Oxygenated monoterpene 
hydrocarbons 
37.5 29.6 48.6 14.6 
 
Sesquiterpene hydrocarbons 0.7 
 
5.5 - - 
Oxygenated Sesquiterpene 
hydrocarbons 
16.5 
 
- - - 
Total % 
  
99.1 99.5 99.9 99.8 
# MS Fragment ions: Molecular ion and others in decreasing intensity 
 
Table 3.4: Summary of major compounds of Citrus reticulata leaf and peel essential 
oils 
Essential oil Method of 
Identification 
Total % 
identified 
No of total 
compounds 
Major compounds 
Fresh leaves GC, GC-MS 91.5 26 Linalool (33.4%), (+)-
spathulenol (15.2%), β-
sinensal (9.3%), β-
caryophyllene (6.1%), 
terpinen-4-ol (4.5%) 
Fresh leaves GC, GC-MSMS 99.1 19 D-limonene (21.4%), 
linalool (19.6%), 
sabinene (16.2%), 
terpinene-4-ol (11.9%), 
(+)-spathulenol 
(10.1%) caryophyllene 
oxide (6.4%) 
Dried leaves GC, GC-MS 96.1 38 Sabinene (20.8%), 
linalool (17.2%), 
terpinen-4-ol (9.7%), 
limonene (7.1%), trans-
β-ocimene (7.5%) 
Dried leaves GC, GC-MSMS 99.5 13 Sabinene (32.5%), 
linalool (20.4%), D-
limonene (10.3%), 
trans--ocimene 
(8.5%), terpinen-4-ol 
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(7.9%), -caryophyllene 
(5.5%) 
Fresh peels GC, GC-MS 96.9 31 Limonene (55.4%), 
linalool (12.8%), 
myrcene (2.8%), 
carvone (2.8%) 
Fresh peels GC, GC-MSMS 99.9 20 D-limonene (39.5%), 
linalool (48.4%), 
carvone (2.0%), -
myrcene (1.9%) 
Dried peels GC, GC-MS 94.1 71 Limonene (75.4%), 
linalool (2.9%), 
myrcene (1.4%), 
carvone (1.4%) 
Dried peels GC, GC-MSMS 99.8 12 D-limonene (80.8%), 
linalool (7.4%), -
myrcene (2.6%), 
carvone (1.9%) 
 
Despite the fact that Citrus reticulata leaves and peels plant materials were collected 
twice from the citrus farm in 2016 and 2017, the analysed oils by GC-MS and GC-
MSMS chromatograph did not gave much variation in the constitution of the major 
compounds both in the leaf and peel oils collected in 2016 and that of 2017. The one 
difference is in the C. reticulata fresh leaf oil chemical profile identified by GC-MS had 
-sinensal as one of the major compounds while absence in the fresh leaf oil analysed 
by GC-MSMS. The major compounds identified by GC-MS and GC-MSMS in fresh and 
dried peels had similar chemical composition pattern. The difference observed in the 
C. reticulata leaf and peel essential oils chemical profiles were percentage composition 
variation and the fact that GC-MS yielded abundant volatile compounds than GC-MSMS 
in fresh and dried leaves and peels essential oils 
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3.3.4 Phytochemical screening 
 
3.3.4.1 Qualitative analysis 
 
The qualitative screening of infusion extract of Citrus reticulata (Nova mandarin) 
leaves and peels revealed the presence of flavonoids, terpenoids and phenolic 
compounds at high concentrations.  Tannins and alkaloids were prominent in leaf 
aqueous extract. These secondary metabolites are summarized in Table 3.5 below. 
 
Table 3.5: Qualitative screening of Citrus reticulata (nova mandarin) leaves and peels 
 
      Notes: + Present at moderate concentration, ++ present at high concentration, -   not detected 
 
3.3.4.2 Quantitative analysis 
 
The Quantitative estimation of secondary metabolites that were already proven to be 
present in the infusion extract of nova mandarin leaves and peels of which flavonoids 
were found to have high quantity (6.83% and 13.69%) in leaves and peels. 
Secondary metabolites 
 
Citrus reticulata 
leaf 
Citrus reticulata peel 
Tannins ++ + 
Flavonoids ++ ++ 
Phenolic compounds ++ ++ 
Saponins + + 
Terpenoids ++ ++ 
Glycosides + + 
Alkaloids ++ + 
Phytosterol - - 
Steroids + + 
Protein and amino acid - - 
Phlabotannins - - 
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Table 3.6: Quantitative analysis of secondary metabolites in Citrus reticulata (nova 
mandarin) 
Citrus 
 
Compounds Starting material 
(g) 
Obtained mass 
(g) 
% percentage 
C. reticulata leaf 
 
Flavonoids 
Tannins 
Saponins 
Alkaloids 
10.00 
5.00 
20.00 
5.01 
0.68 
0.31 
0.13 
0.20 
6.83 
6.09 
0.58 
4.15 
C. reticulata 
peel 
 
Flavonoids 
Tannins 
Saponins 
Alkaloids 
10.00 
5.00 
20.01 
5.00 
1.37 
0.24 
0.09 
0.05 
13.69 
4.91 
0.14 
1.00 
 
In summary, (+)-spathulenol and -sinensal sesquiterpenoids were among major 
compounds in fresh leaves essential oil, to the best of our knowledge these 
compounds were never reported as major constituents of Nova mandarin or any 
mandarin cultivars leaf essential oils in literature from other countries.  The Citrus 
reticulata leaves and peels (waste products) are a source of pure volatile compounds 
including sabinene, linalool, limonene, -myrcene, terpinen-4-ol and (+)-spathulenol. 
Monoterpenes was the highest class of compounds in all the essential oils chemical 
profiles. Monoterpenes enriched compounds are of commercial value since they can 
serve as flavours and fragrances and can also be employed in cosmetics and 
pharmaceutical industries 
In Qualitative phytochemical screening tannins, flavonoids, phenolic compounds, 
terpenoids, alkaloids, saponins, glycosides and steroids were detected in leaves and 
peels infusion extract. Four of the secondary metabolites were quantified, quantitative 
estimation leaves and peels showed high percentage of flavonoids (6.83%; 13.69%), 
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tannins (6.09%; 4.91%), alkaloids (4.15%; 1.00%) and very low percentage of 
saponins (0.58; 0.14%).  
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Chapter 4 
 
Phytochemical studies of Citrus clementina hort ex Tanaka (Nule 
clementine) 
 
4.1 Introduction and literature review 
Clementines are soft citrus fruit types that consist of a wide range of cultivars. Nule 
clementine also called Clemenules are the most produced soft fruits among clementine 
cultivars, however to the best of our knowledge there are very few chemical profile 
reported in literature about nule clementines leaves and peels. This chapter is centred 
on extraction, chemical analysis of essential oils, phytochemical screening of 
secondary metabolites in leaves and peels of Citrus clementina (Nule clementine). 
 
4.1.1 Description and origin of Citrus clementina hort ex Tanaka 
 
Citrus clementina hort ex Tanaka is a citrus specie consisting of clementines soft citrus 
group of mandarins. Citrus clementina hort ex Tanaka is a hybrid between Citrus 
reticulata (mandarin) and Citrus sinensis (sweet orange) (Ollitrault et al., 2012). Nule 
clementine is one of the cultivar under Citrus clementina hort ex Tanaka specie and is 
classified as soft citrus.  Nule clementine tree is medium in size and almost thorn-less. 
Leaves are round to elliptical in shape. Nule clementine is deep orange-red with peels 
that are smooth and glossy and easy to remove (Figure 4.1). Nule clementine fruits 
matures early in March extending to September. Nule clementine is the most produced 
clementine cultivar around the world (FAO, 2014; Calabrese, 2002) including South 
Africa.   
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                            Figure 4.1: Citrus clementina fruit and leaves 
 
4.1.2 Literature reports on Citrus clementina hort ex. Tanaka 
 
There are not many report on the chemical profile of C. clementina phytochemicals in 
literature. The only ones found in literature are limited to Vietnam, Egypt and Algeria 
Countries and only the essential oil composition were reported. According to the study 
by Nguyen et al (2015), forty-one and forty volatile compounds were identified in peel 
oil extracted from C. clementina from Vietnam by conventional hydrodistillation (CHD) 
and microwave-assisted hydrodistillation (MAHD). The oils were found to consist 
mainly of monoterpene hydrocarbons (98.37% for CHD and 97.82% for MAHD) with 
limonene (3) (95.48% CHD and 95.03% MAHD) and -myrcene (2.03% CHD and 
1.95% MAHD) as major compounds.  
Clementine leaf oils extracted by CHD and MAHD methods were dominated by both 
monoterpene hydrocarbons (45.22% CHD and 32.25% for MAHD) and sesquiterpene 
hydrocarbons (28.03% for CHD, 47.43% for MAHD). Monoterpene compounds 
present in high concentration were sabinene (16) (26.05% CHD and 19.52% MAHD), 
linalool (9.88% CHD and 7.51%MAHD), (E)--ocimene (5.87% CHD and 5.00% 
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MAHD) while for the prominent sesquiterpenes in the leaf oils were -elemene (17) 
(10.50% CHD and 18.04% MAHD), -selinene (18) (4.76% CHD and 8.02% MAHD), 
-caryophyllene (8) (4.04% CHD and 7.49% MAHD). The clementine leaf oil displayed 
strong antimicrobial activity against two gram positive bacteria (Bacillus subtilit, 
Staphylococcus aureus) and three gram negative bacteria (Escherichia coli, 
Pseudomonas aeruginosa, Shigella flexneri) and one fungus (Candida albicans) 
(Nguyen et al., 2015). 
  
Figure 4.2: Structures reported in Citrus clementine leaf and peel essential oil 
 
Essential oils of four cultivars of clementine leaves from Egypt namely Nour 
clementine, Fina clementine, Thornless clementine and Spinosa clementine was 
reported. The leaf essential oils were found to consist of sabinene, linalool, citronellal, 
trans--caryophyllene, geraniol, -terpineol, -terpinene as major compounds. It was 
reported in the study that the leaf essential oils compounds were contributed to the 
antioxidant and antimicrobial activity of the four clementine cultivars (El-hawary et al., 
2013). Clementine peels essential oil from Algeria was reported to have high 
concentration of limonene and -myrcene and to have exhibited antioxidant activity 
as DPPH free radical scavenger and reducing power in dose dependent manner 
(Boudries et al., 2017). 
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4.2 Materials and Methods 
 
4.2.1 Plant collection 
 
Nule clementine fruit and leaves were collected in the month of April 2016 and March 
2017 at Addo river bend farm Eastern Cape. The citrus fruit plant parts taxonomy was 
authenticated by the herbarium curator Dr Emalmen in botany laboratory at Walter 
Sisulu University, voucher specimens was given using the collection number TM 03 
 
4.2.2 Extraction of essential oils 
  
500 g of fresh and dried Citrus clementina peels or leaves were subjected separately 
to hydro-distillation set-up using Clevenger apparatus. The plant material was 
introduced into round bottomed flask and distilled water added to levels above the 
plant material and the flask placed on the heating mantle connected to a condenser 
boiled at 100oC and reduced to 70oC and run for 4h. The extracted essential oils was 
collected and stored in air-tight bottle and kept under refrigeration at 4oC until the 
time of analysis (Oyedeji et al., 2000). 
 
4.2.3 Analysis of the essential oil 
 
4.2.3.1 Gas Chromatography (GC) 
 
GC analysis was carried out on Agilent 6890N gas chromatograph (Agilent 
technologies) equipped with FID detector and ZB-5MS column (30 m in length X 0.25 
mm i.d and 0.25 µm film thickness). Detailed method and operation parameters was 
described in Chapter 2 session 2.2.3.1.   
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4.2.3.2 Gas Chromatography-Mass spectrometry (GC-MS) 
 
The essential oils were analysed by GC-MS on an Agilent 6890N Gas Chromatography 
coupled with 5973 mass spectrometer equipped with a ZB-5MS capillary column (30 
m length X 0.25 mm i.d X 0.25 µm film thickness). Operation parameters are in 
Chapter 2 subheading 2.2.3.2.   
 
4.2.3.3 Gas Chromatography-Triple Quadrupole Mass spectrometry (GC-
MSMS) 
 
The essential oils were analysed by GC-MSMS on a Bruker 450N Gas Chromatography 
coupled with 300 TQ mass spectrometer equipped with a HP-5MS capillary column (30 
m length X 0.25 mm i.d X 0.25 µm film thickness). Operation parameters are described 
in Chapter 2, subheading 2.2.3.3 
 
4.2.4 Phytochemical Screening 
  
4.2.4.1 Qualitative analysis 
 
Phytochemical screening was carried out to detect the presence and types of 
secondary metabolites in the Citrus clementina (nule clementine) leaves and peels 
(Dyayiya et al., 2016). The method is fully described in Chapter 2 subheading 2.2.4.1 
and 2.2.4.2  
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4.3 Results  and Discussions 
Pale yellow essential oils extracted from fresh and dried leaves and peels of Citrus 
clementina yield was (0.42 - 0.59%) for 2016 and (0.40 - 0.62%) for 2017 plant 
collection. The essential oils of fresh leaves had unpleasant odour while the peels 
essential oils had pleasant citrus odours. From the results we also obtained higher 
quantity of essential oil from dried leaves and peels in comparison to fresh parts (Table 
4.1). 
 
Table 4.1: Yield and physicochemical analysis of Citrus clementina essential oils 
Citrus 
clementina hort 
ex. Tanaka 
Essential oils Yield (w/v %) Physical 
appearance 
Odour 
2016 2017 
Fresh leaves  0.42 0.40 Pale yellow 
 
Unpleasant  
Dried leaves 0.48 0.51 Pale yellow Unpleasant   
 
Fresh peels 0.50 0.49 Pale yellow Pleasant citrus 
aromatic 
 
Dried peels 0.59 0.62 Pale yellow Pleasant citrus 
aromatic 
 
 
 
4.3.1 Chemical composition of Citrus clementina hort ex. Tanaka essential 
 oils by GC and GC-MS (2016) 
 
Thirty-one and forty-seven components accounted for 96.3% and 96.5% were 
characterized in fresh and dried C. clementina leaf essential oils (Table 4.2, Appendix 
17 and 18) were identified in the GC-MS Chromatograms. The fresh and dried leaf 
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essential oils are dominated by similar constituents. The major compounds in fresh 
and dried leaves were sabinene (25.0%; 24.7%), linalool (19.0%; 20.9%), terpinen-
4-ol (11.0%; 6.5%), trans--Ocimene (5.3%; 4.8%), and limonene (4.7%; 5.1%). 
There was noticeable amount of -pinene (1.7%; 1.2%), citronellal (3.8%; 3.9%), 
citronellol (1.5%; 1.4%), -sinensal (1.7%; 2.5%) and geranyl acetate (1.5%; 1.3%) 
respectively. It was obvious that the South Africa C. clementina (Nule clementine) leaf 
essential oils were predominated by monoterpenoids (90.5%; 88.1%) with little 
amount of sesquiterpenoids (Table 4.2).  
A total of thirty-six and thirty-four constituents representing 99.1% and 98.7% were 
identified and quantified from the GC-MS analysis of the fresh and dried peel essential 
oils of Citrus clementina (Table 4.2, Appendix 19 and 20). The major compounds in 
fresh and dried peel oils were limonene (62.6 %; 74.8 %) followed by linalool (4.6 %; 
4.2 %), myrcene (2.0 %; 1.3 %), carvone (1.9%; 2.9%) and -terpineol (1.3%; 
1.9%). The chemical profile of the fresh and dried peel essential oils was dominated 
by monoterpenes class of compounds (98.0%-95.7%). 
 
4.2 Chemical composition of leaf and peel essential oils from C. clementina 
RT Compound name KI % Composition MS Fragment 
ions# 
Fresh 
leaves 
Dried 
leaves 
Fresh 
peels 
Dried 
peels 
5.28 -Thujene 923 0.6 0.5 - - 136, 91, 77, 41 
5.45 -Pinene  939 1.7 2.0 0.4 - 136, 93, 41, 79 
6.62 Sabinene 976 25.0 24.7 0.7 0.6 136, 93, 77, 41 
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6.66 -Pinene  981 1.3 1.2 - - 136, 93, 79, 41 
6.73 Myrcene 991 3.0 2.8 2.0 1.3 136, 41, 93, 69 
7.33  3 –Carene 1009 6.4 - - - 136, 93, 79, 41 
7.35 n-Octanal 1004 - - 2.1 1.4 129, 41, 56, 69 
7.37 Unknown - 2.5 1.8 - - - 
7.51 -Terpinene 1018 1.3 0.9 - - 136, 93, 121, 77 
8.01 Limonene 1031 4.7 5.1 62.6 74.8 136, 67, 93, 79 
8.19 Unknown - - - 14.7 - - 
 8.30 Trans--Ocimene 1049 5.3 4.8 0.3 - 136, 91, 79, 41 
8.43 -Phellandrene  1053 - 0.1 - - 136, 93, 77, 41 
8.60 -Terpinene 1060 - 6.9 0.2 - 136, 93, 77, 41 
8.95 1-Octanol  1072 - - 0.4 0.4 108, 41, 55, 69 
9.01 Linalool oxide 1073 - - - 0.4 170, 43, 59, 93 
 9.21 -Terpinolene 1079 1.5 1.4 0.1  136, 93, 121, 79 
9.45 cis Linalool oxide 1104 - - - 0.4 170, 43, 59, 93 
9.63 Dehydro-p-cymene  1106 - - 0.1 - 134, 119, 91,41 
9.75 Linalool  1112 19.0 20.9 4.6 4.2 154, 43, 71, 55 
10.46 trans-p-2,8-
Menthadien-1-ol 
1128 - - 0.8 0.6 152, 93, 43, 109 
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10.57 p-Menth-2-en-1-ol 1123 0.6 0.4 - - 154, 43, 71, 81 
10.78 Trans-Limonene 
oxide 
1137 - - 0.1  152, 43, 67, 93 
10.87 p-Mentha-E-2,8(9)-
dien-1-ol 
1139 - - 0.6 0.5 152, 79, 93, 41 
11.03 Citronellal 1146 3.8 3.9 0.2  154, 41, 69, 55 
11.20 Isopulegol 1149 0.2 0.1 - - 137, 41, 67, 81 
11.88 Terpinen-4-ol 1177 11.0 6.5 0.8 1.2 154, 71, 43, 93 
11.95 1,8-Menthadien-4-ol 1179 - - 0.5 0.5 152, 68, 79, 93 
12.26 Decanal  1204 - - 0.6 1.3 109, 41, 55, 67 
12.34 -Terpineol 1207 1.3 1.5 1.3 1.9 152, 59, 43, 93 
12.74 trans-Piperitol 1209 0.2 0.1 - - 154, 83, 41, 55 
12.86 Citronellol 1228 1.5 1.4 0.1 - 152, 41, 69, 81 
13.09 Trans-(+)-Carveol 1230 - - 0.9 2.6 152, 109, 41, 55 
13.35 Z-Citral  1235 - - 0.1 - 154, 69, 41, 85 
13.38 Neral  1242 - 0.1 0.6 - 152, 41, 69, 95 
13.40 cis-Carveol 1246 - - 0.6 0.8 152, 41, 109, 55 
13.61 Geraniol 1255 - 0.5 - - 152, 41, 69, 81 
13.78 (+)-Carvone  1257 - - 1.9 2.9 152, 82, 54, 93 
14.10 Geranial 1270 0.3 0.3 - - 152, 41, 69, 95 
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14.48  p-Mentha-1,8-dien-3-
one 
1271 - - 0.7 - 150, 82, 39, 54 
14.57 Perillaldehyde 1272 - - - 0.5 150, 67, 79, 41 
15.04 Methyl geraniate 1323 - 0.2 - - 182, 69, 41, 114 
15.54 Citronellyl acetate   1335 0.4 0.5 - - 198, 43, 81, 67 
15.81 Neryl acetate   1344 0.5 0.5 - - 196, 41, 69, 93 
16.24 Limonene glycol 1386 - - - 0.3 152, 71, 43, 67 
16.36 Geranyl acetate  1390 1.5 1.3 - - 196, 41, 69, 93 
16.38 - Elemene 1392 - - 0.1 - 204, 67, 41, 79 
17.11 -Caryophyllene 1420 0.3 1.1 - - 204, 41, 91, 79 
17.63 trans--Farnesene 1443 - 0.5 - - 204, 41, 69, 91 
18.78 E,E--Farnesene 1508 - 0.2 - - 204, 41, 93, 79 
18.82 Bicyclogermacrene 1517 - 0.2 - - 204, 93, 41, 121 
19.18 -Cadinene  1523 - - 0.1 - 204,119,161,105 
19.29 -Sesquiphellandrene 1543 - 0.1 - - 204, 41, 69, 91 
20.17 trans-Nerolidol 1564 - 0.2 - - 189, 41, 69, 93 
20.89 (+) Spathulenol 1575 - 0.2 - - 205, 43, 91, 79 
20.98 Caryophyllene oxide 1581 - 0.1 - - 187, 41, 79, 91 
23.11 -Sinensal  1706 1.7 2.5 0.1 - 204, 93, 79, 107 
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24.24 -Sinensal 1757 0.7 1.0 0.5 0.5 204, 93, 79, 107 
27.14 Hexadecanoic acid 1968 - - - 1.6 256, 43, 73, 60 
Monoterpene hydrocarbons 50.8 50.3 81.6 79.4  
Oxygenated monoterpenes  41.8 39.8 16.4 16.3 
Sesquiterpene hydrocarbons  0.3 2.1 0.2 0.3 
Oxygenated sesquiterpenes  2.4 2.0 0.6 2.1 
Others 1.0 2.3 0.3 0.6 
Total % 96.3 96.5 99.1 98.7 
# MS Fragment ions: Molecular ion and others in decreasing intensity 
 
4.3.2 Chemical composition of C. clementina hort ex. Tanaka essential oils 
 by GC and GC-MSMS (2017) 
 
Analysis of the GC and GC-MSMS chromatograms of C. clementina fresh and dried leaf 
essential oil led to characterization of twenty-three and fourteen compounds (Table 
4.3, Appendix 21 and 22) representing 96.9% and 99.5% of essential oils composition. 
The principal compounds in the fresh leaves essential oil was sabinene (27.1%) while 
in dried leaf oil was -pinene (28.0%) and sabinene (22.7%). Followed by similar 
compounds linalool (19.8%; 18.5%), terpinene-4-ol (11.8%; 7.0%), d-limonene 
(6.4%; 2.9%) and (+)-3-carene (4.9%; 3.3%). -Pinene was a main compound in 
dried leaf oil as compared to the fresh leaf oil -pinene content (2.0%). 
Twenty-two and twenty-seven compounds were identified (Table 4.3, Appendix 23 
and 24) representing 99.2% and 99.4% of fresh and dried peel essential oils 
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composition of which d-limonene (86.5%; 38.9%), linalool (3.3%; 20.0%), myrcene 
(2.0%; 3.5%), -terpineol (1.7%; 5.0) and carvone (1.2%; 5.8%) as major 
constituents of fresh and dried peel essential oils. The class of compounds that 
dominated the chemical constituents of the leaf and peel essential oils are 
monoterpenoids. 
 
Table 4.3 Chemical profile of C. clementina leaf and peel essential oils 
RT 
 
Compound name 
 
KI  % Composition MS Fragment 
ions# Fresh 
leaf 
Dried 
leaf 
Fresh 
peel 
Dried 
peel 
5.41 o-Xylene 889 - 2.1 0.1 - 106, 91, 105, 77 
6.30 2-Butoxyethanol 904 - - 0.1 0.2 101, 57, 41, 29 
6.61 -Pinene 939 2.0 28.0 0.5 - 136, 93, 41, 79 
8.29 Sabinene 976 27.1 22.7 0.8 0.5 136, 93, 77, 41 
8.48 -Pinene 981 1.8 1.1 0.1 - 136, 93, 79, 41 
8.88 yrcene 991 2.5 0.9 2.0 3.5 136, 41, 93, 69 
9.36 Octanal 1004 - - 0.8 1.8 129, 41, 56, 69 
9.68 (+)-3-Carene 1009 4.9 3.3 0.1 0.2 136, 93, 79, 41 
9.83 Terpinolene  - - 0.2 - 136, 93, 121, 79 
9.97 p-Cymene 1027 0.6 - - - 134, 119, 91, 41 
10.141 1,3,8-p-menthatriene  - - 0.1 - 134, 91, 119, 105 
10.81 d-limonene 1031 6.4 9.2 86.5 38.9 136, 67, 93, 79 
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11.24 Trans--Ocimene 1049 6.5 2.9 0.2 - 136, 91, 79, 41 
11.73 -Terpinene 1060 1.4 0.6 - - 136, 93, 77, 41 
12.22 cis-Sabinene hydrate 1068 0.4 0.1 - - 154, 43,93, 79 
12.76 cis-p-mentha-1(7),8-
dien-2-ol 
1231 0.1 - 0.1 1.5 152, 109, 41, 143 
13.23 Trans-linalool oxide 1073 - - - 0.4 170, 43, 59, 93 
13.69 Linalool 1112 19.8 18.5 3.3 20.0 154, 43, 71, 55 
14.01 Nonanal 1117 - - - 0.4 142, 57, 41, 98 
14.73 Trans-p-mentha-2,8-
dienol 
1128 - - - 1.6 152, 93, 43, 109 
15.22 cis-Limonene oxide 1134 - - - 0.9 152, 43, 67, 109 
15.94 Citronellal 1146 1.9 - 0.2 0.6 152, 41, 69, 81 
17.32 Terpinen-4-ol 1177 11.8 7.0 0.6 1.8 154, 71, 43, 93 
17.88 -Terpineol 1207 1.7 1.6 1.7 5.0 152, 59, 43, 93 
18.22 trans-Piperitol 1209 - - 0.1 2.1 152, 83, 41, 55 
18.50 Trans-p-menth-2-en-1-
ol 
1123 0.3 - - - 154, 43, 71, 81 
18.53 Decanal 1214 - - 0.4 0.5 109, 41, 55, 67 
19.37 Citronellol 1228 1.8 1.5 - 3.0 152, 41, 69, 81 
19.75 trans-Carveol 1230 0.5 - 0.1 4.8 152, 109, 41, 55 
19.81 trans-Citral 1235 0.3 - 0.1 1.0 154, 69, 41, 85 
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20.40 Geraniol 1255 0.5 -  0.3 152, 41, 69, 81 
20.14 Carvone 1257 - - 1.2 5.8 152, 82, 54, 93 
21.22 Piperitone 1282 - - - 1.8 152, 82, 110, 39 
22.92 (2R,4R)-p-mentha-6,8-
diene, 2-hydroperoxide 
1365 - - - 1.7 168, 109, 93, 82 
25.53 Decanoic acid 1380 - - - 0.3 204, 60, 73, 43 
26.03 Geranyl acetate 1390 1.8 - - 0.6 196, 41, 69, 93 
26.06 Trans-Farnesol 1659   - 0.2 222, 41, 69, 81 
27.69 -caryophyllene 1420 0.2 - - - 204, 41, 91, 79 
38.40 cis--Farnesene 1458 2.6 - - - 204, 69, 93, 67 
Monoterpene hydrocarbons 53.6 70.9 91.5 45.1  
Oxygenated monoterpene  40.5 28.6 7.8 54.1 
Sesquiterpene hydrocarbons 2.8 - - 0.2 
Oxygenated Sesquiterpene - - - - 
Total % 
  
96.9 99.5 99.3 99.4 
# MS Fragment ions: Molecular ion and others in decreasing intensity 
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Table 4.4: Summary of major essential oil compounds from Citrus clementina hort ex. 
Tanaka 
Essential 
oils 
 
Method of 
Identification 
Total % 
identified 
Total number of 
compounds 
Major compounds 
Fresh 
leaves 
 
GC, GC-MS 96.3 41 Sabinene (25.0%), linalool 
(19.0%), terpinene-4-ol 
(11.0%), trans--ocimene 
(5.3%), limonene (4.7%) 
Fresh 
leaves 
GC, GC-MSMS 96.9 23 Sabinene (27.1%), linalool 
(19.8%), terpinen-4-ol 
(11.8%), trans--ocimene 
(6.5%), D-limonene (6.4%), 
(+)-3-carene (4.9%) 
Dried 
leaves 
 
GC, GC-MS 96.5 47 Sabinene (24.7%), linalool 
(20.9%), -terpinene 
(6.9%), terpinene-4-ol 
(6.5%) 
Dried 
leaves 
GC, GC-MSMS 99.5 14 -pinene (28.0%), sabinene 
(22.7%), linalool (18.5%), 
terpinene-4-ol (7.0%), (+)-
3-carene (3.3%), D-
limonene (2.9%) 
Fresh 
peels 
 
GC, GC-MS 99.1 36 Limonene (62.9%), linalool 
(4.6%), (+)-carvone 
(1.9%), -terpineol (1.3%), 
myrcene (2.0%) 
Fresh 
peels 
GC, GC-MSMS 99.2 22 D-limonene (86.5%), 
linalool (3.3%), -myrcene 
(2.0%), -Terpineol (1.7%), 
carvone (1.2%) 
Dried 
peels 
 
GC, GC-MS 98.7 34 Limonene (74.8%), linalool 
(4.2%), (+)-carvone 
(2.9%), -terpineol (1.9%), 
myrcene (1.3%) 
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Dried 
peels 
GC, GC-MSMS 99.4 27 D-limonene (38.9%), 
linalool (20.0%), -
Terpineol (5.0%), 
carvone(5.8%), trans-
carveol (4.8%), myrcene 
(3.5%) 
 
Analysis of the essential oils of C. clementina (nule clementine) leaves and peels 
collected twice over a period of two years displayed similarities in chemical 
composition more than variations. The only difference was in percentage composition 
of leaves and peels essential oils between GC-MS analysed essential oils method when 
compared to GC-MSMS analysed essential oils. A summary of the major compounds is 
presented in Table 4.4. Despite the percentage composition variation, the similarities 
in chemical composition led to the conclusion that there were no major climatic 
condition changes over the period of 2016 to 2017 of plant collection that could have 
influenced chemical composition pattern.  
 
4.3.3 Phytochemical screening 
 
4.3.3.1 Qualitative analysis 
 
In the qualitative phytochemical screening of infusion extract of leaves and peels eight 
secondary metabolites namely tannins, flavonoids, phenolic compounds, saponnins, 
terpenoids, alkaloids and steroids were found to be present in leaves and peels of 
Citrus clementina hort ex. tanaka (nule clementine). Glycosides were only present in 
the leaf extract. Results are presented in table 4.5 below. 
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Table 4.5: Qualitative analysis of secondary metabolites in C. clementina  
Secondary metabolites C. clementina leaf C. clementina peel 
Tannins ++ ++ 
Flavonoids ++ ++ 
Phenolic compounds ++ ++ 
Saponins + + 
Terpenoids ++ ++ 
Glycosides + - 
Alkaloids + + 
Phytosterol - - 
Steroids + + 
Protein and amino acid - - 
Phlabotannins - - 
Notes: ++ Prominent, + present, - not detected 
 
4.3.3.2 Quantitative analysis 
 
Flavonoids, tannins, saponins and alkaloids determined to be present in the infusion 
extract of leaves and peels of Citrus clementina were subjected to quantitative analysis 
to estimate their content and the results are presented in (Table 4.6) showing the 
high quantity of flavonoids and tannins in leaves and peels 
 
Table 4.6: Quantitative screening of present secondary metabolites 
Citrus 
 
Compounds Starting 
material (g) 
Obtained mass 
(g) 
% percentage 
C. clementina 
peel 
 
Flavonoids 
Tannins 
Saponins 
10.00 
5.00 
20.00 
1.04 
0.41 
0.02 
10.41 
5.26 
0.10 
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Alkaloids 5.00 0.08 1.59 
C. clementine 
leaf 
 
Flavonoids 
Tannins 
Saponins 
Alkaloids 
10.00 
5.00 
20.02 
5.03 
1.01 
0.24 
0.02 
0.10 
10.05 
4.82 
0.14 
1.99 
 
In summary, Citrus clementina hort ex. Tanaka leaves and peels were consisted of 
valuable volatile compounds and secondary metabolites. The essential oils extracted 
in fresh and dried leaves and peels showed major compounds with abundance of 
sabinene and linalool in leaves and limonene in peels. Citrus clementina leaves oil is a 
sabinene and linalool chemotype. The leaves and peels essential oils are mostly 
dominated by monoterpenoids.   Citrus clementina (nule clementine) leaves and peels 
chemical profile is in line with report by Lota et al. (2001) from Egypt. Nguyen et al. 
(2015) report on leaves essential oil from Vietnam was dominated by monoterpenes 
and sesquiterpenes which varied in comparison from our report of South African Citrus 
clementina leaves. The variation in chemical profiles of the Citrus clementina from 
South Africa and Vietnam indicates different chemotypes.   
Flavonoids, phenolic compounds and terpenoids were prominent secondary 
metabolites detected in qualitative screening of infusion extract of C. clementina 
leaves and peels.  From the quantitative determination results it was observed that 
flavonoids (4.82-5.26), tannins (4.82-5.26) and alkaloids (1.99-1.59) were high in 
quantity from leaves and peels aqueous extract.  
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4.4 Possible biosynthesis of major compounds in three Citrus leaves and 
peels essential oils 
 
Geranyl pyrophosphate is a biosynthetic precursor which gives rise to acyclic 
monoterpenoids such as linalool, trans--ocimene, -myrcene. while neryl 
pyroposhate is the precursor for monocyclic monoterpenoids; limonene, -terpineol, 
-terpinene, terpinene-4-ol and bicyclic monoterpenoids; sabinene and -pinene which 
are major compounds present in Citrus sinensis, Citrus reticulata and Citrus clementina 
leaves and peels essential oils shown in Scheme 2 below.  
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Scheme 2: Biosynthesis of major monoterpenoids compounds from Citrus leaves and 
peels essential oils 
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Farnesyl pyrophosphate is a precursor of acyclic sesquiterpenoids -sinensal and 
bicyclic sesquiterpenoids -elemene, -caryophyllene in Citrus sinensis and Citrus 
reticulata leaves essential oils shown in Scheme 3 below. 
 
 
Scheme 3: Biosynthesis of major sesquiterpenoids compounds in Citrus leaves 
essential oils 
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Chapter 5 
 
Biological Studies 
 
5.0 Introduction 
 
Inflammation is the body’s response to pain or injury induced by trauma. The 
mechanism of inflammation injury results to the release of reactive oxygen species 
from the activated neutrophils and macrophages (Seema and Meena, 2011). Chronic 
inflammation is characterised by prolong duration. It can result from immune system 
attacking normal healthy tissue misidentifying it for harmful pathogens. Chronic 
inflammation can cause several diseases and conditions including Rheumatoid 
arthritis. Rheumatoid arthritis is a chronic inflammatory autoimmune disorder of the 
connective tissues throughout the body more specifically around the joints (Rupesh et 
al., 2013; Arya et al., 2013; Mateen et al., 2016). Rheumatoid arthritis is the most 
common inflammatory arthritis affecting the estimation of 2% of the world population 
with more women affected than men (Mateen et al., 2016). Although non-steroidal 
drugs are used to supress inflammation and pain, a large population about 80% from 
developing countries still rely on traditional medicines for the health care need (WHO). 
Attention have been on searching for medicinal plants with anti-inflammatory and 
antioxidant activity for the discovery of new therapeutic agents that can be used in 
adverse disease conditions where inflammation response is amplifying the disease 
(Pant et al., 2012). Broad range of medicinal plants is easily accessible and information 
on toxicity of the medicinal plants or the essential oils extracted from medicinal plants 
is very crucial. Therefore giving scientific validation of safe use of plants derived drugs 
for identifying their possible side effects is essential (Fallahi et al., 2017). 
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Terpenoids compounds found in medicinal plants display wide range of biological 
activities including anti-inflammatory and antioxidant activity. Nerol, Citral and 
Isopulegol compounds in Melissa officinalis L. leaves essential oil were reported to 
displayed anti-inflammatory activity by reducing and inhibiting oedema induced by 
carrageenan (Bounihi et al., 2013). 1.8-cineole and -pinene compounds showed 
antioxidant activity (Salem et al., 2013). D-limonene, -3-carene, -pinene and 
ocimene compounds found in Citrus sinensis peels oils from India were effective in 
inhibiting heat induced albumin denaturation showing antiinflammatory activity 
(Vinodhini et al., 2017). To the best of our knowledge there has been no literature 
reporting on the biological potentials of South African citrus leaves and peels. 
 
5.1 Methodology 
 
5.1.1 In vitro Anti-oxidant capacities 
 
The antioxidant activity of citrus leaves and peels essential oils was evaluated by DPPH 
free radical scavenging ability assay and ferric-reducing power assay.  
 
5.1.1.1 2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay 
 
The total antioxidant capacity of the essential oils were carried out using 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radical as previously described by Shen et al., (2010) and 
Okeleye et al., (2015). A solution of 0.135 mM DPPH in methanol was prepared and 
1.0 mL of DPPH solution was mixed with 1.0mL of studied citrus peel and leaf essential 
oils emulsified in 5% tween 80 (160 - 40 µg/mL) dissolved in methanol. DPPH in 
methanol will be used as a negative control. The combination was thoroughly mixed 
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and left in the dark at room temperature for 30 minutes before the absorbance was 
measured at 517 nm (Helios Epsilon Thermo Spectronic, USA). L (+) - Ascorbic acid 
and DBPC*BHT were used as the reference. All the tests were run in duplicate. The 
ability to scavenge DPPH radical was calculated using the following equation: 
                  % Scavenged [DPPH] = [(A0 – A1)/A0] × 100   
Where A0 was the absorbance of the control and A1 will be the absorbance in the 
presence of oil and standards.  
 
5.1.1.2 Ferric-reducing power (FRAP) assay 
 
The reducing power of the oils were evaluated according to the method of (Kumar 
and Hemalatha, 2011). Exactly 1.0 mL of the studied Citrus peel or leaf essential oil 
prepared in 5% tween 80 (40 – 160 µg mL-1) was added to the mixture containing 
2.5 mL of phosphate buffer (0.2 M; pH 6.6) and 2.5 mL of potassium ferricyanide 
[K3Fe(CN)6] (1% w/v). Standard compounds used were L (+) - Ascorbic acid (C6H8O6) 
and 2, 6 – Di – tert – butyl– 4 – methyl phenol [(CH3)3C2C6H2(CH3) OH]. The resulting 
mixture was incubated at 50°C for 20 min, followed by the addition of 2.5 mL of 
CCl3COOH (10% w/v) and then centrifuged at 3000 rpm for 10 min. The upper layer 
of the solution (2.5 mL) was mixed with 2.5 mL of distilled water and 0.5 mL of FeCl3 
(0.1 %, w/v). The experiment was conducted in duplicate and absorbance was 
measured at 700 nm (Helios Epsilon Thermo Spectronic, USA) against a blank sample 
of only phosphate buffer. Higher reducing power of the essential oils were indicated 
by the increased absorbance. 
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5.1.2 Experimental animals 
  
Mice and rats were purchased from South African Vaccine Initiative, Johannesburg 
and kept at the animal holding facility, in-service Physiology Unit, Walter Sisulu 
University. Male Wister rats (200-300 g) were randomly selected (n= 3) for the anti-
inflammatory test. Male Swiss mice of (30-45 g) were selected for acute toxicity. The 
animals were kept under standard laboratory conditions with free access to water and 
diet. Food was withheld overnight prior to experiments while water was provided. This 
study was approved by the WSU Senate through the Higher Degree Committee 
Education and ethical clearance approval was obtained. Walter Sisulu University ethics 
committee ref: DVC (AA and R) DRD/ SREC: reference no: 31  
 
5.1.2.1 Drugs used 
 
The following drugs were used: Diclofenac (Clicks pharmacy PTY LTD, Mthatha, South 
Africa), fresh egg (spar supermarket PTY LTD, Mthatha, South Africa) in 
antiinflammatory test. 
 
5.1.3   Acute Toxicity Test 
 
Acute toxicity effect of citrus peel essential oils was assessed in mice using the oral 
(p.o.) route according to Lorke’s method (Lorke, 1983), since the leaf oil have been 
reported not to be toxic. The high limonene content in the peel oil has been reported 
to have cytotoxic effect against cell lines in MTT assay [3-(4,5-Dimethylthiazol-2-yl)-
2,5-Diphenyltetrazolium bromide] (El-Hawary et al., 2013, Monajemi et al., 2005). The 
procedure was divided into 2 phases, the first phase consists of three groups (n=3) 
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at the dose levels of 10, 100, and 1000 mg/kg. The second phase involve four groups 
(n=1) at the dose levels of 1000, 1600 and 2000 mg/kg, respectively. Immediately 
after treatment, each mouse was placed inside the Plexiglas cage and observed for 
immediate effects up to 30 min and thereafter for 24 h for lethal effects culminating 
into death. The LD50 of EEPA was estimated as the geometric mean of the lowest dose 
causing death and the highest dose causing no death according to the formula below: 
LD50 = √(𝐴𝐵) or (A × B)½ 
where A is the maximum dose producing 0% death and B is the dose producing 100% 
death (Lorke, 1983).  
 
5.1.4   Anti-Inflammatory Test 
 
The anti-inflammatory activity of citrus essential oil was evaluated on egg albumin-
induced rat paw oedema model (Aderoju et al., 2017). Animals were divided into five 
experimental groups of three rats in each. Group I was negative control group (10% 
tween 80, 10ml/kg), group II, III and IV were Citrus peels essential oils (50, 100 and 
200 mg/kg) and group V was the positive control (Diclofenac 100 mg/kg).  Treatment 
was orally administered as per assigned group. After an hour the left hind-paw of rats 
was injected with 0.1 ml of 50% (v/v) fresh egg-albumin. Baseline paw size (cm) was 
noted and recorded before and after 1, 2, 3, 4 and 5 h post injection of the egg 
albumin using a Vernier Callipers (Joseph et al., 2005). 
 
5.1.5 Statistical analysis 
 
The analysis of data was done using Graphpad Prism version 5. One way anova was 
used to determine statistical difference in the antioxidant activities of C. sinensis, C. 
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reticulata and C. clementine essential oils and the standards L (+)-Ascorbic acid and 
DBPC*BHT against 2,2-diphenyl-1-picrylhdrazyl (DPPH) and ferric reducing power 
(FRAP). Data was expressed as mean ± S.E.M., p < 0.05 was considered significant. 
Linear regression analysis was used to determine effective concentration (EC50: Excel 
for windows 10 and Graphpad prism V5). Anti-inflammatory results were also 
expressed as mean ± S.E.M. statistical evaluation was made using ANOVA and 
Dunnett’s post hoc test, and values were considered significantly different when **p˂ 
0.01. 
 
5.2 Results and Discussions 
 
5.2.1 Biological studies for Citrus sinensis L. Osbeck essential oils 
 
5.2.1.1 DPPH free radical scavenging activity  
 
DPPH free radical scavenging ability of sweet orange leaf and peel essential oils were 
determined as the percentage inhibition with higher percentage associated with 
antioxidant activity and compared with the standards antioxidants L (+)-ascorbic acid 
and DBPC*BHT (Figure 5.1). The essential oils were able to reduce the stable purple 
DPPH into a yellow coloured DPPH-H implying that the oils have antioxidant potentials. 
Although the highest scavenging ability was observed for ascorbic acid and DBPC*BHT 
nonetheless, the oils of the sweet orange peels and leaves showed considerable 
scavenging ability at concentrations (20-160 µg/mL). Effective concentration (EC50) 
reduction was found for L (+)-ascorbic acid EC50= 33.50 µg/mL, DBPC*BHT EC50= 
89.82 µg/mL, for sweet orange peel oil EC50 = 110.09 µg/mL and sweet orange leaves 
EC50 = 126.10 µg/mL.  
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Figure 5.1: DPPH radical scavenging activity of Citrus sinensis (sweet orange) peel 
and leaf essential oil in comparison to L (+)-ascorbic acid and DBPC*BHT 
 
5.2.1.2 Ferric-reducing power (FRAP) activity 
 
Antioxidant activity was also estimated in sweet orange essential oils by ability to 
reduce Fe3+ to Fe2+ and colour change from lemon to light blue after addition of ferrous 
chloride which was observed. Greater reducing power activity was found in sweet 
orange peels essential oil (3.64 ± 0.05) and sweet orange leaves oil (3.21 ± 0.15) 
than the standard antioxidants L (+)-ascorbic acid (2.47 ± 0.03) and DBPC*BHT (2.73 
± 0.09) at concentration 160 µg/mL with a significant difference (p < 0.05). The 
reducing power activity of sweet orange leaf and peel essential oils increased 
distinctively with the concentration (Figure 5.2). Sweet orange leaf and fruit peel oils 
showed moderate antioxidant by means of ferric-reducing power assay 
 
0
20
40
60
80
100
10 µg/mL 20µg/mL 40 µg/mL 80µg/mL 160
µg/Ml
D
P
P
H
 %
 i
n
h
ib
it
io
n
Concentration  
C. sinensis peel oil
C. sinensis leaf oil
L(+)-Ascobic acid
DBPC*BHT
95 
 
 
Figure 5.2: Reducing power activity of C. sinensis (sweet orange) peel and leaf 
essential oils in comparison to L (+)-ascorbic acid and DBPC*BHT 
 
5.2.1.3 Acute-toxicity study 
 
Mice treated with sweet orange peel essential oils (Table 5.3) at doses 10, 100 and 
1000 mg/kg in phase 1, moved around their way in a cage showing no apparent effect 
on the behaviour after treatment. However, at high doses 1000, 1600 and 2000 mg/kg 
in the second phase the mice appeared sleepy and remained calmed for 30 minutes 
to 3hours after treatment. No mortality that was however observed at all doses up to 
2000 mg/kg, p.o, during 24 hours hence LD50 was estimated to be 2000 mg/kg, p.o 
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Table 5.3: Acute toxicity of C. sinensis (sweet orange) peel essential oil 
 Dose (mg/kg) Citrus sinensis peel essential oil 
                                                            Phase 1 (n=3) 
 
 Ratio of dead mice to total number of 
animal treated after 24h 
10 0/3 
 
100 0/3 
 
1000 0/3 
 
                Phase 2 (n=1) 
1000 0/1 
 
1600 0/1 
 
2000 0/1 
 
LD50  
 
2000 mg/kg, p.o. 
 
 
5.2.1.4 Anti-inflammatory activity of essential oils 
 
After the administration of the egg albumin into the hind paw of the rats, there were 
progressive increase in the paw sizes. Sweet orange peels essential oil at 200 mg/kg 
showed significant (p< 0.01) reduction of oedema size of rats hind paws in the 3, 4 
and 5 h of observation period compared to vehicle. Diclofenac (Standard drug) also 
reduced the oedema size of the rats’ hind paws significantly (p< 0.01) at 1, 2, 3, 4 
and 5 hour post egg albumin injection as shown in Figure 5.3. 
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Figure 5.3: Effect of Citrus sinensis (sweet orange) peel essential oil on egg albumin-
induced rat paw oedema  
Each bar represents mean ± SEM of variation in paw oedema size. VEH, SOP, and DICLO represent 
vehicle, sweet orange peel essential oil and diclofenac respectively. *p<0.05, **p<0.01; statistically 
lower than vehicle (ANOVA, Dunnett’s)  
 
Sweet Orange leaf essential oil at 200 mg/kg significantly (p < 0.05-0.01) reduced 
paw oedema of rats in the 2, 3, 4 and 5h of observation period also the leaves oil at 
100 mg/kg significantly (p < 0.05-0.01) reduced paw oedema of rats in the 3, 4 and 
5h of observation period compared to vehicle. Diclofenac also reduced significantly (p 
< 0.05-0.01) paw oedema of rats in the 2, 3, 4 and 5h of assessment period as shown 
in Figure 5.4. 
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Figure 5.4: Effect of Citrus sinensis (sweet orange) leaves essential oil on egg albumin-
induced rat paw oedema 
Each bar represents mean ± SEM of variation in paw oedema size. VEH, SOL, and DIC represents 
vehicle, sweet orange leaves essential oil and diclofenac respectively. *p<0.05, **p<0.01; statistically 
lower than vehicle (ANOVA, Dunnett’s)  
 
In general, the sweet orange peel and leaf essential oils composition revealed 
moderate antioxidant potential as ferric reducing power and low potential as DPPH 
free radical scavenger.  Phenolics, oxygenated monoterpene and sesquiterpene 
compounds present (Table 2.4) such as terpinen-4-ol and -elemene in leaves and -
terpineol and linalool in peels, and the high percentage of limonene in peels could be 
associated with essential oils antioxidant activities. Sweet orange peel essential oils 
are known for minimum antioxidant activity through DPPH free radical scavenging 
ability (Kamal et al., 2013, Javed et al., 2014). Acute toxicity study indicated that sweet 
orange peel essential oil up to the highest dose 2000 mg/kg, p. o did not cause 
mortality in mice even after the sleepy behaviour in second phase, suggesting 
extremely low levels of acute-toxicity to possibility of non-toxic effect as no mortality 
observed after 24hours.  Sweet orange peel essential oil at 200 mg/kg significantly (p 
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< 0.01) reduced rats paw oedema sizes induced by fresh egg albumin in 3, 4 and 5h 
when compared to the vehicle (Figure 5.3). Sweet orange leaves essential oil at 200 
mg/kg significantly (p < 0.05-0.01) supressed rat paw oedema induced by egg 
albumin in the 2, 3, 4 and 5h compared to the vehicle (Figure 5.4). Egg albumin 
induced inflammation is a time-dependent three phase process. The first phase 
involves the release of histamine and serotonin in the (0-1.5h) (Aderoju et al., 2017, 
Lin et al., 1995). The second phase is the release of cytokines in the (2.5h) and the 
third phase involves the release of prostaglandins in the (3h to 6h) (Suba et al., 2005, 
Aboluwodi et al., 2016). Sweet orange peel essential oil reacted in the third phase by 
inhibiting release of cyclooxygenase involved in prostaglandins signifying anti-
inflammatory activity of peels essential oil. Sweet orange leaf essential oil reacted in 
the second phase by inhibiting the release of cytokines signifying anti-inflammatory 
activity of leaf essential oil. TNF-alpha is an inflammatory mediator associated with 
development of many inflammatory diseases such as rheumatoid (Hamdan et al., 
2013) and limonene which is the major compound in peels essential oil is reported to 
supress the production of TNF- (Yoon et al., 2010). Anti-inflammatory activity of 
sweet orange peel and leaf oils are due to major essential oil compounds limonene, 
sabinene, linalool and -elemene. 
 
5.2.2 Biological studies for Citrus reticulata Blanco essential oils 
 
5.2.2.1 DPPH free radical scavenging activity 
 
DPPH radical scavenging activity of Nova mandarin leaves and peels essential oils were 
determined as the percentage inhibition with higher percentage associated with 
100 
 
antioxidant activity and compared with standards antioxidants (Figure 5.5). A 
concentration-dependent scavenging ability was observed for the Nova mandarin 
essential oils and standards L (+)-ascorbic acid and DBPC*BHT. Nova mandarin peel 
oil showed stronger radical scavenging ability than Nova mandarin leaves essential oil 
at all concentrations. Highest scavenging activity at 160 µg/mL was found for L (+)-
ascorbic acid (92.81 ± 0.95%), nova mandarin peel oil (78.96 ± 0.21%), DBPC*BHT 
(73.53 ± 4.99%) and nova mandarin leaf oil (70.03 ± 0.21%). Nova mandarin 
essential oils were observed to reduce the stable purple DPPH into yellowish coloured 
solution according to dose dependent manner signifying antioxidant activity of 
essential oils. The results indicated EC50 value found for L (+)-ascorbic acid = 33.50 
µg/mL and for DBPC*BHT EC50 = 89.82 µg/mL. For the essential oils nova mandarin 
peel EC50 = 69.43 µg/mL, nova mandarin leaves EC50 = 95.75 µg/mL, revealing 
antioxidant activity of Nova mandarin peels and leaves.  
 
Figure 5.5: DPPH radical scavenging activity of C. reticulata (nova mandarin) peel and 
leaf essential oils in comparison to L (+)-ascorbic acid and DBPC*BHT 
  
 
0
20
40
60
80
100
D
P
P
H
 %
 in
h
ib
it
io
n
Concentration
C. reticulata peel oil
C. reticulata leaf oil
L(+)-Ascobic acid
DBPC*BHT
101 
 
5.2.2.2 Ferric reducing power (FRAP) activity 
 
Essential oils displayed the reduction of Fe3+ to Fe2+ by colour change from lemon to 
light blue after mixing with ferrous chloride. Peels essential oil (3.91 ± 0.49), (3.80 ± 
0.09) showed highest reducing power activity at concentration 80 and 160 µg/mL 
compared to standards antioxidants.  Reducing power observed at 160 µg/mL for leaf 
essential oil was (3.08 ± 0.06) with no significant difference to the standards (Figure 
5.6). Nova mandarin leaf and peel essential oils compounds showed antioxidant 
activity potential 
 
Figure 5.6: Reducing power activity of C. reticulata (nova mandarin) peel and leaf 
essential oils in comparison to Ascorbic acid and BHT. 
 
5.2.2.3 Acute toxicity profile 
 
Mice treated with Nova mandarin peel essential oil at doses 10, 100 and 1000 mg/kg 
moved around and at 1000 mg/kg phase 1, the mice appeared drowsy. In the second 
phase at doses 1000, 1600 and 2000 mg/kg the animals appeared sick with mucus 
running nose after treatment. After 24h mortality was recorded at 2000 mg/kg, p.o 
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dose (Table 5.4). Hence LD50 was estimated to be 1788 mg/kg, p.o in mice. It could 
be said that high dosage of Nova mandarin peel oil is toxic at high concentration  
 
Table 5.4: Acute toxicity of C. reticulata (Nova mandarin) essential oil 
Dose (mg/kg) Citrus reticulata peel essential oil 
Phase 1 (n=3) 
Ratio of dead mice to total number of animal treated after 24h  
10 0/3 
 
100 0/3 
 
1000 0/3 
 
Phase 2 (n=1) 
1000 0/1 
 
1600 0/1 
 
2000 1/1 
 
LD50 
 
1788 mg/kg, p.o 
 
 
5.2.2.4 Anti-inflammatory activity of C. reticulata essential oils 
 
Administration of the egg albumin into rats’ hind paws caused a progressive increase 
in paw sizes (oedema). However, Nova mandarin peel essential oil at all doses (50-
200 mg/kg) significantly (p< 0.01) suppressed the rat paw oedema size in 4 and 5 h, 
the last two hours of assessment period compared to the vehicle group. Diclofenac 
also significantly (p< 0.01) suppressed the oedema of the rats’ paws in 4 and 5 h of 
assessment period post egg albumin injection as shown in Figure 5.7. indicating 
antiinflammatory activity of peels essential oil. 
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Figure 5.7: Effect of C. reticulata (nova mandarin) peels essential oil on the egg-
albumin induced rat paw oedema 
Each bar represents mean ± SEM of variation in paw oedema size. VEH, NMP, and DIC represents: 
vehicle, nova mandarin peel essential oil and diclofenac respectively. *p<0.05 **p<0.01; statistically 
lower than vehicle (ANOVA, Dunnett’s) 
 
Nova mandarin leaves essential oil at 200 mg/kg reduced significantly (p < 0.01) the 
rats paw oedema in the 2, 3, 4 and 5h of assessment period compared to the vehicle 
group. Leaves oil at doses 50 and 100 mg/kg showed significant (p < 0.01) reduction 
of rats paw oedema in 4 and 5 h compared to the vehicle. Diclofenac (standard drug) 
also reduced significantly (p < 0.01) rats paw oedema in the 3, 4 and 5h of observation 
period as displayed in Figure 5.8. 
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Figure 5.8: Effect of Citrus reticulata (nova mandarin) leaf essential oil on egg albumin-
induced rat paw oedema 
Each bar represents mean ± SEM of variation in paw oedema size. VEH, NML, and DIC represents: 
vehicle, nova mandarin leaves essential oil and diclofenac respectively. *p<0.05 **p<0.01; statistically 
lower than vehicle (ANOVA, Dunnett’s) 
 
Nova mandarin peel and leaf essential oils displayed good antioxidant activities as 
DPPH free radical scavenger and ferric reducing power agent. Limonene, the abundant 
compound found in C. reticulata peels oils is said to be a free radical scavenger 
(Boudries et al., 2017). Citrus reticulata essential oils were monoterpenoids rich and 
monoterpenes are known natural antioxidants. Acute toxicity study showed that the 
Nova mandarin peel oil at highest dose caused mortality and calculated LD50 was 1788 
mg/kg, p. o suggesting low acute toxicity effect of Nova mandarin essential oils or no 
toxicity of essential oil at lower dose level and the essential oil could be safe for 
medicinal uses. Nova mandarin peels essential oil at 50-200 mg/kg significantly (p < 
0.01) reduced the oedema size in rats hind paws in 4 and 5 h of assessment period 
(Figure 5.7). Nova mandarin leaves essential oil at 200 mg/kg also reduced 
significantly the rats paw oedema in the 2, 3, 4 and 5h of observation period (figure 
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5.8). From the three phase process of inflammation induced by egg-albumin described 
in subsection 5.2.1.4 discussion, Nova mandarin peel oil responded to the last phase 
of inflammation by inhibiting the release of cyclooxygenase involved in prostaglandins 
signifying anti-inflammatory activity of peel essential oil. Nova mandarin leaf oil 
responded in the second phase by inhibiting the release of cytokines showing anti-
inflammatory activity of leaf essential oil. The major compounds limonene and linalool 
in peel essential oil and sabinene, linalool and terpinene-4-ol in leaves oil were 
associated with the anti-inflammatory activity. Limonene and linalool/sabinene has 
been reported for anti-inflammatory properties (Hamdan et al., 2013, 2016) and for 
antioxidant potential (Yang et al., 2010).  
 
5.2.3 Biological studies for Citrus clementina essential oils 
 
5.2.3.1 DPPH free radical scavenging activity 
 
Nule clementine leaf and pees essential oils were able to reduce the stable purple 
DPPH into yellowish DPPH-H.  Highest scavenging ability at 160 µg/mL was noted for 
ascorbic acid (92.81 ± 0.95%) followed by Nule clementine peel oil (81.64 ± 4.97%), 
Nule clementine leaf oil (79.55 ± 6.82%) lastly DBPC*BHT (73.53 ± 4.99%). The 
essential oils showed strong radical scavenging ability at that high concentration than 
DBPC*BHT. EC50 values for essential oils was peels EC50= 68.44 µg/mL and leaves 
EC50= 79.73 µg/mL that is much close to ascorbic acid EC50= 33.50 µg/mL revealed 
antioxidant potential of the essential oils. 
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Figure 5.9: DPPH radical scavenging activity of C. clementina peel and leaf essential 
oils in comparison to L (+)-ascorbic acid and DBPC*BHT    
 
5.2.3.2 Ferric reducing power activity 
 
Nule clementine peels essential oil (3.52 ± 0.10), (3.79 ± 0.01) at 40 µg/mL and 160 
µg/mL showed high reducing power activity while, the leaves essential oil was noted 
for lower reducing power activity than standard antioxidants at all concentrations. Leaf 
essential oils displayed lower antioxidant activity through ferric reducing power 
activity.  
 
Figure 5.10: Reducing power activity of C. clementina (Nule clementine) peel and leaf 
essential oils in comparison to L (+)-ascorbic acid and DBPC*BHT 
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5.2.3.3 Acute toxicity study 
 
Animals treated with nule clementine peel essential oil at doses 10, 100 and 1000 
mg/kg in phase 1 remained calmed with less movement in their cages. However, at 
doses 1000, 1600 and 2000 mg/kg in phase 2 animals appeared shaking, nose 
bleeding after 30 minutes of treatment (Table 5.5). After 24h mortality was recorded 
at doses 1600 mg/kg and 2000 mg/kg, p.o. the LD50 was estimated to be 1000 mg/kg.  
 
Table 5.5: Acute toxicity of C. clementina (Nule clementine) peels essential oil 
Dose (mg/kg) Citrus clementina peel essential oil 
Phase 1 (n=3) 
Ratio of dead mice to total number of animal treated after 24h 
10 0/3 
 
100 0/3 
 
1000 0/3 
 
Phase 2 (n=1) 
1000 0/1 
 
1600 1/1 
 
2000 1/1 
 
LD50 
 
1000 mg/kg, p.o. 
 
 
 
 
108 
 
5.2.3.4 Anti-inflammatory activity of the essential oils 
 
As shown in Figure 5.11 and 5.12, Nule clementine peels and leaves essential oils at 
50-200 mg/kg significantly (p< 0.05 -0.01) caused reduction in oedema size of rats 
hind paws in the 3, 4 and 5h of observation period compared to vehicle group. The 
same also was observed for Diclofenac (standard drug) reduced significantly (p< 0.01) 
the oedema size in rats hind paws at 3, 4 and 5h post egg albumin injection 
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Figure 5.11: Effect of C. clementina (Nule clementine) peel essential oil on the egg-
albumin induced rat paw oedema 
Each bar represents mean ± SEM of variation in paw oedema size. VEH, CPO, and DICLO represents: 
vehicle, Nule clementine peel essential oil and diclofenac respectively. *p<0.05 **, ***p<0.01; 
statistically lower than vehicle (ANOVA, Dunnett’s)  
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Figure 5.12: Effect of Citrus clementina (Nule clementine) leaf essential oil on egg 
albumin-induced in rats 
Each bar represents mean ± SEM of variation in paw oedema size. VEH, CPO, and DICLO represents: 
vehicle, Nule clementine leaves essential oil and diclofenac respectively. *p<0.05 **, ***p<0.01; 
statistically lower than vehicle (ANOVA, Dunnett’s)  
 
Nule clementine peel and leaf essential oils and chemical composition revealed 
antioxidant activity as DPPH free radical scavengers and a ferric reducing power agent. 
Terpinene-4-ol, linalool, limonene, myrcene and α-terpineol major compounds may 
have contributed to antioxidant activity in peel and leaf oils. Acute toxicity profile of 
peels essential oil (Table 5.3.3) suggested that Nule clementine oil could be safe for 
use at very low concentrations or dose level. Acute toxicity results suggest that the 
peel essential oil could be toxic at higher dose levels since mortality was observed in 
second phase for higher dose levels hence LD50 was 1000 mg/kg, p.o.  The study by 
El-hawary et al., 2013) (reported cytotoxic effect of four cultivars of clementine peels 
against cell-lines. The report in literature stated that high content of Limonene, -
pinene and -myrcene in peels essential oils of Citrus Aurantium might have cytotoxic 
110 
 
effect against colorectal cancer cell lines (Odeh et al., 2012). Nule clementine peels 
and leaves essential oil at 50-200 mg/kg significantly (p< 0.05 -0.01) caused reduction 
in oedema size of rats hind paws in the 3, 4 and 5h of observation period compared 
to vehicle group. From the tri-phasic process of inflammation induced by fresh egg 
albumin. First phase is the release of histamine and serotonins in the (0-1.5h) (Lin et 
al., 1995).  Second phase involves the release of cytokines in the (2.5h). The last 
phase is the release of prostaglandins in (3h to 6h) (Suba et al., 2005, Aboluwodi et 
al., 2016). Nule clementine peel and leaf oils responded to the last phase, inhibited 
release of prostaglandins in the inflammation process signifying anti-inflammatory 
activity of Nule clementine peel and leaf oils. The major compounds of Nule clementine 
peel essential oil limonene, linalool and (+)-carvone and sabinene and linalool in 
leaves essential oil were responsible for anti-inflammatory activity. 
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Chapter 6.0 
Discussion, Conclusion and Recommendation 
 
South Africa is one of the major producer of Citrus fruits with suitable climate for the 
production of oranges and soft citrus fruits (mandarins and clementines) and a leading 
exporter of citrus in Africa. However, the fruit peels and leaves regarded as waste 
products are generated at large amounts during this processing and during fruit 
consumption these waste do have environmental effect. To the best of our knowledge, 
there is no report on chemical composition and biological activities of South African 
citrus waste products (leaves and peels) hence, this project was set out to find end 
use of citrus waste products for medicinal and economic value chain. 
Citrus sinensis leaf and peel essential oils analysis by GC, GC-MS and GC, GC-MSMS 
identified similar chemical composition. Fresh leaves volatile oil major compounds 
were sabinene, linalool, terpinene-4-ol, limonene and trans--ocimene while, -
elemene, sabinene, linalool and -caryophyllene were major compounds in dried leave 
oil chemical profile. Fresh and dried peel volatile oils were dominated by limonene and 
significant amounts of linalool, myrcene and -terpineol in dried peels oil. Citrus 
sinensis leaves and peels also showed presence of non-volatile secondary metabolites 
of which flavonoids and phenolic compounds were prominent secondary metabolites 
detected in aqueous extract. Citrus sinensis leaf and peel essential oils displayed better 
antioxidant activity through ferric reducing power assay while the volatile oils as DPPH 
free radical scavenger exhibited low antioxidant activity, proving the need to conduct 
at least two antioxidant tests for volatile oils. The peel and leaf volatile oils showed 
moderate antioxidant activity. Major compounds linalool, sabinene and terpinene-4-ol 
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in leaf oil and limonene, -terpineol in peel oil may have contributed to antioxidant 
activity and also phenolic compounds. C. sinensis essential oils showed non-toxic to 
extremely very low toxicity effect in mice suggesting that the essential oils could be 
applied as flavours and fragrances in cosmetic and perfumery industries. The presence 
of monocyclic monoterpene compound (limonene) and acyclic monoterpene (linalool) 
together with bicyclic monoterpene compound (sabinene) in peel and leaf essential 
oils of C. sinensis may be said to be responsible for the displayed anti-inflammatory 
activity in rats induced by egg-albumin. This is supported by previous literature report 
on the anti-inflammatory activities of limonene and sabinene. Nonetheless, the 
synergetic effect of small constituents in the oils cannot be rule out. 
Citrus reticulata leaf and peel essential oils analysis by GC, GC-MS and GC, GC-MSMS 
led to characterization of comparable chemical profiles. The major compounds in fresh 
leaf oil was linalool, (+)-spathulenol, terpinene-4-ol while sabinene, linalool, 
terpinene-4-ol and trans--ocimene dominated the dried leaf oil profile. The presence 
of (+)-spathulenol as part of the major constituents of the leaf oil is noteworthy as 
this has not be reported before in literature. Limonene, linalool, carvone and -
myrcene were major compounds characterized in peel essential oils. Aqueous extract 
of leaf and peel unveiled presence of secondary metabolites namely tannins, alkaloids, 
flavonoids and phenolic compounds. Antioxidant potential of the peel and leaf oils was 
strong through DPPH free radical scavenging ability and ferric reducing power capacity 
assay. Oxygenated monoterpene compound terpinene-4-ol in leaf oil and monocyclic 
monoterpene limonene in peel oil maybe responsible for antioxidant activity of the 
essential oils. C. reticulata (Nova mandarin) peels essential oil at high dose levels 
showed toxicity effect in mice. It is suggested that C. reticulata essential oils could be 
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safe to use at lower dose levels. C. reticulata essential oils were found to exhibit anti-
inflammatory activity in rats induced by egg-albumin, which is considerably aided by 
high percentage of limonene and linalool in peel and leaf oils. 
C. clementina leaf essential oils analysis had sabinene and linalool at high percentage 
composition followed by terpinene-4-ol and trans--ocimene in fresh and dried leaves 
identified by both GC, GC-MS and GC, GC-MSMS. C. clementine fresh and dried peels 
volatile oils had high limonene content similar to the previous two citrus describe 
above, followed by linalool, carvone, -terpineol and -myrcene. Aqueous extract of 
leaves and peels relieved high quantity of flavonoids, tannins and phenolic 
compounds. Citrus clementina peels and leaves essential oils exhibited high 
antioxidant activity as DPPH free radical scavenger and as ferric reducing power. 
Terpinen-4-ol, -terpineol and linalool were oxygenated monoterpenoids that maybe 
responsible for antioxidant activity. Acute toxicity study showed toxicity effect of C. 
clementina peels essential oil in mice. It is suggested that the essential oils need to 
be used at extremely lower dose levels as aroma in pharmaceutical, cosmetics and 
beverages industries. Limonene, linalool and sabinene found from leaves and peels 
essential oils are known to exhibited anti-inflammatory activities. 
In conclusion, Citrus sinensis, Citrus reticulata and Citrus clementina leaves and peels 
are not to be regarded as ‘wasted’ as their essential oils are a source of valuable 
volatile compounds with natural antioxidants and anti-inflammatory properties. Leaves 
and peels essential oils could be utilized for medicinal purposes and as aroma in 
industries. This will indirectly impart on the nation economy as small scales industries 
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can be built for citrus waste utilization thereby creating jobs and thus improving the 
economy.   
It is recommended that further studies should be engaged on economic viability of 
small scale industries around South Africa because of the potential of these citrus 
waste products which can be used as aroma to cosmetics, pharmaceuticals, 
flavourings and agriculture industries furthermore this will help reduce pollution and 
toxic gas from the decomposition of peels. 
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APPENDIX 1 
 
 
 
Figure A1: GC-MS chromatogram of Citrus sinensis (Sweet orange) fresh leaf essential 
oil    
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APPENDIX 2 
 
 
Figure A2: GC-MS Chromatogram of Citrus sinensis (Sweet orange) dried leaf essential 
oil 
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APPENDIX 3 
 
 
 
 
 Figure A3: GC-MS Chromatogram of Citrus sinensis (Sweet orange) fresh peel 
essential oil 
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APPENDIX 4 
 
 
 
Figure A4: GC-MS Chromatogram of Citrus sinensis (Sweet orange) dried peel essential 
oil 
122 
 
APPENDIX 5 
 
 
 
Figure A5: GC-MSMS Chromatogram of Citrus sinensis (Sweet orange) fresh leaf 
essential oil 
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APPENDIX 6 
 
 
 
 
Figure A6: GC-MSMS Chromatogram of Citrus sinensis (Sweet orange) dried leaf 
essential oil 
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APPENDIX 7 
 
 
 
 
Figure A7: GC-MSMS Chromatogram of Citrus sinensis (Sweet orange) fresh peel 
essential oil 
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APPENDIX 8 
 
 
 
 
Figure A8: GC-MSMS Chromatogram of Citrus sinensis (Sweet orange) dried peel 
essential oil 
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APPENDIX 9 
 
 
 
Figure A9: GC-MS Chromatogram of Citrus reticulata (Nova mandarin) fresh leaf 
essential oil 
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APPENDIX 10 
 
 
 
 
Figure A10: GC-MS Chromatogram of Citrus reticulata (Nova mandarin) dried leaf 
essential oil 
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APPENDIX 11 
 
 
Figure A11: GC-MS Chromatogram of Citrus reticulata (Nova mandarin) fresh peel 
essential oil 
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APPENDIX 12 
 
 
 
Figure A12: GC-MS Chromatogram of Citrus reticulata (Nova mandarin) dried peel 
essential oil 
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APPENDIX 13 
 
 
 
Figure A13: GC-MSMS Chromatogram of Citrus reticulata (Nova mandarin) fresh 
leaves essential oil 
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APPENDIX 14 
 
 
 
Figure A14: GC-MSMS Chromatogram of Citrus reticulata (Nova mandarin) dried leaf 
essential oil 
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APPENDIX 15 
 
 
Figure A15: GC-MSMS Chromatogram of Citrus reticulata (Nova mandarin) fresh peel 
essential oil 
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APPENDIX 16 
 
 
 
 
Figure A16: GC-MSMS Chromatogram of Citrus reticulata (Nova mandarin) dried peel 
essential oil 
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APPENDIX 17 
 
 
 
Figure A17: GC-MS Chromatogram of Citrus clementine (Nule clementine) fresh leaf 
essential oil 
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APPENDIX 18 
 
Figure A18: GC-MS Chromatogram of Citrus clementine (Nule clementine) dried leaf 
oil 
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APPENDIX 19 
 
 
Figure A19: GC-MS Chromatogram of Citrus clementine (Nule clementine) fresh peel 
essential oil 
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APPENDIX 20 
 
Figure A20: GC-MS Chromatogram of Citrus clementine (Nule clementine) dried peel 
essential oil 
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APPENDIX 21 
 
 
Figure A21: GC-MSMS Chromatogram of Citrus clementine (Nule clementine) fresh 
leaf essential oil 
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APPENDIX 22 
 
 
 
Figure A22: GC-MSMS Chromatogram of Citrus clementine (Nule clementine) dried 
leaf essential oil 
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APPENDIX 23 
 
 
 
Figure A23: GC-MSMS Chromatogram of Citrus clementine (Nule clementine) fresh 
leaf essential oil 
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APPENDIX 24 
 
 
 
 
Figure A24: GC-MSMS Chromatogram of Citrus clementine (Nule clementine) dried 
peel essential oil 
